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1.1. Why create a minimal dataset?
The ever-evolving discipline of public health has prompted the development of 
myriad instruments to measure health and wellbeing. Whereas some instruments 
have become cornerstones in international research, many continue to be used 
on a more local level. Consequently, health monitoring systems, clinical audits, 
and medical research studies collect outcome data which are not always directly 
comparable or even optimal in the chosen setting. Disconcertingly, some 
instruments purporting to measure the same outcome may be operationalized 
differently	further	inhibiting	comparative	analyses.	This	fragmentation	in	data	
collection	 impedes	 the	 efficient	 and	 effective	 evaluation	 of	 interventions	 as	 
well as the development of clear health policy guidelines and recommendations.
 To counter this issue, there has been a movement towards developing 
minimum datasets with standardized measures to assess changes in functional 
status, health status, and quality of care.1,2 Core outcomes are typically chosen 
to capture data relevant for clinical, research, and policy purposes. In geriatric 
research, one of the most well-known minimum datasets is the Resident 
Assessment Instrument Minimum Data Set (simply referred to as MDS).3 
Stemming from the U.S. 1987 Nursing Home Reform Act, the MDS was 
developed to combat abuse, neglect, and substandard care in nursing homes 
across the United States. Using this instrument, standardized information on 
physical and mental wellbeing is collected from nursing home residents upon 
admission and at periodic intervals. These data are then centrally pooled to 
allow for independent performance evaluations and benchmarking of quality 
of care. Since its implementation in the United States, the MDS has served as 
a useful tool for clinical assessment, quality monitoring, and medical 
reimbursement.  
 Yet, this U.S.-based MDS only focuses on one small segment of the aging 
population, i.e. older persons in institutionalized settings. Many older persons 
have a strong desire to maintain their autonomy and live independently even 
when faced with chronic illness. Moreover, in rapidly aging populations, 
long-term institutionalized care for older persons with mild to moderate 
morbidity	 and	 disability	 is	 financially	 unsustainable	 for	 many	 health	 care	
systems.	These	social	phenomena	provoke	the	question	how	to	create	a	flexible,	
though standardized, tool which can assess physical and mental wellbeing and 
quality of life in older persons residing in both institutionalized and non-insti-
tutionalized settings. This issue is particularly pertinent in the Netherlands, 
where health policy is shifting towards greater reliance on informal care 
networks and home-based professional care as well as a more proactive, 
integrated approach to medicine. Such policy changes necessitate the adoption 
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of a standardized data collection tool measuring core outcomes in geriatric 
health and wellbeing to facilitate evaluation and implementation studies.   
 Thus, in 2008, the Dutch Ministry of Health, Welfare and Sport (VWS) 
established the National Care for the Elderly Programme [Nationaal Programma 
Ouderenzorg, NPO (ZonMw)]. This program funded over 60 research and 
implementation projects aimed at improving quality of life and self-reliance 
among older persons as well as the development of The Older Persons and 
Informal Caregivers Survey Minimum Data Set (TOPICS-MDS). As part of 
TOPICS-MDS initiative, a uniform dataset measuring key outcomes in health, 
wellbeing, and health services utilization was created and administered to all 
older persons and caregivers participating in these studies. Data were centrally 
pooled into a public access data repository allowing researchers to explore 
health issues in a broader framework which may have not been possible within 
individual projects. Given its unique structure, TOPICS-MDS was envisioned as 
a	catalyst	for	data	sharing,	a	source	for	scientific	and	healthy	policy	innovation,	
and a tool to facilitate integrated care. 
1.2. Aims of thesis
Validation refers to the accuracy of an instrument, in other words, that the 
instrument truly measures what it purports to measure.4 Although instruments 
may be globally referred to as ‘valid’, there are in fact several distinct subtypes 
of validity. For instance, content validity refers to whether the items of an 
instrument comprehensively capture the underlying construct, criterion validity 
(sometimes referred to as convergent validity) assesses the degree of coherence 
between a measure and a reference standard, and construct validity evaluates 
whether the performance of a measure adheres to a priori hypotheses.5 Validation 
is a critical preliminary step in research to ensure that subsequent analyses and 
interpretation are based on sound measurements.  
	 Although	TOPICS-MDS	is	comprised	of	several	different	survey	 instruments	
previously validated for use in older populations, there remains a fundamental 
need to re-evaluate measurement properties in the context of this data sharing 
initiative. Whereas previous validation work gives credence to the robustness of 
an instrument, the instrument itself is never truly ‘valid’.4 Rather, validity is a 
characteristic of an instrument for a certain population4, underscoring the need 
to validate data collected as part of TOPICS-MDS. 
 Thus, the primary aim of this thesis was to validate the three main survey 
instruments	included	in	TOPICS-MDS,	a	modified	version	of	the	Katz	Index	of	
Independence in Activities of Daily Living, the EQ-5D (a health-related quality 
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of life instrument), and the CarerQol (a care-related quality of life instrument) 
in the pooled NPO study population. As a secondary aim, this thesis validated 
two variables derived from TOPICS-MDS, a frailty index and a composite 
endpoint for quality of life. To complement these aims, this thesis further 
provides an overview of the development of TOPICS-MDS and discusses how 
the	 data	 can	 be	 utilized	 to	 facilitate	 scientific	 innovation	 and	 public	 health	
initiatives for older persons and their caregivers.
1.3. Thesis outline
This thesis is broadly divided into four sections: a background describing 
TOPICS-MDS, the evaluation of instruments included within the survey, the 
validation of variables derived from TOPICS-MDS, and a general discussion. 
Specifically:
 Chapter 2 is the background chapter describing the origin and development 
of TOPICS-MDS and provides descriptive statistics for the database.
 Chapter 3 explores the psychometric properties of the three primary survey 
instruments	included	in	TOPICS-MDS	(a	15-item	Katz	Index	of	Independence	in	
Activities of Daily Living, the EQ-5D, and the CarerQol). Sections 3.1 and 3.2 
examines how residential setting and survey mode impact reporting of 
Activities of Daily Living and Instrumental Activities of Daily Living. Section 
3.3 investigates the measurement properties of the EQ-5D across four major 
geriatric conditions: hearing issues, urinary incontinence, joint damage, and 
dizziness	with	falls.	Section	3.4	examines	reporting	differences	across	sampling	
frames (i.e. primary care, general population, or hospital-based sampling) and 
survey mode (i.e. written questionnaire and interview) for the CarerQol. 
 Chapter 4 describes the validation of variables derived from TOPICS-MDS. 
Section 4.1 validates a frailty index derived from the MDS against a frailty index 
based on independent, clinical assessment. Section 4.2 examines the advantage 
of including frailty in addition to multimorbidity and Activities of Daily Living 
when modelling health-related quality of life and care costs. Section 4.3 
evaluates the construct validity of a preference-weighted composite endpoint 
for health-related quality of life developed using TOPICS-MDS. 
 This thesis concludes with Chapter 5,	which	contextualizes	the	findings	of	
this	thesis	in	current	trends	in	geriatric	research.	Section	5.1	briefly	summarizes	
the	 overall	 findings.	 Section	 5.2	 discusses	 the	 value	 of	 minimum	 datasets,	
standardized core outcomes, and the validation work performed as part of this 
thesis. Sections 5.3 and 5.4 describe the limitations and future directions in 
research; concluding remarks are given in Section 5.5.
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Abstract
Introduction: In 2008, the Ministry of Health, Welfare and Sport commissioned 
the National Care for the Elderly Programme. While numerous research projects 
in older persons’ health care were to be conducted under this national agenda, 
the Programme further advocated the development of The Older Persons and 
Informal Caregivers Survey Minimum DataSet (TOPICS-MDS) which would be 
integrated into all funded research protocols. In this context, we describe 
TOPICS data sharing initiative (www.topics-mds.eu).
Materials and methods: A working group drafted TOPICS-MDS prototype, 
which was subsequently approved by a multidisciplinary panel. Using instruments 
validated for older populations, information was collected on demographics, 
morbidity, quality of life, functional limitations, mental health, social functioning 
and health service utilisation. For informal caregivers, information was collected 
on demographics, hours of informal care and quality of life (including subjective 
care-related burden).
Results: Between 2010 and 2013, a total of 41 research projects contributed data 
to TOPICS-MDS, resulting in preliminary data available for 32,310 older persons 
and 3,940 informal caregivers. The majority of studies sampled were from 
primary	care	settings	and	inclusion	criteria	differed	across	studies.
Discussion: TOPICS-MDS is a public data repository which contains essential 
data to better understand health challenges experienced by older persons and 
informal	caregivers.	Such	findings	are	relevant	for	countries	where	increasing	
health-related expenditure has necessitated the evaluation of contemporary 
health	care	delivery.	Although	open	sharing	of	data	can	be	difficult	to	achieve	in	
practice,	 proactively	 addressing	 issues	 of	 data	 protection,	 conflicting	 data	
analysis requests and funding limitations during TOPICS-MDS developmental 
phase has fostered a data sharing culture. To date, TOPICS-MDS has been 
successfully incorporated into 41 research projects, thus supporting the 
feasibility of constructing a large (>30,000 observations), standardised dataset 
pooled	from	various	study	protocols	with	different	sampling	frameworks.	This	
unique	 implementation	 strategy	 improves	 efficiency	 and	 facilitates	 individu-
al-level data meta-analysis.
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Introduction
Demographic shifts towards an older population have given rise to new health 
care challenges across high-income countries. Despite general improvements in 
self-perceived health over time, health expectancy metrics have revealed increases in 
life years with chronic co-morbidity and mild functional impairment.1 As health 
profiles	of	populations	change,	contemporary	health	care	systems	must	be	re-evaluated	
to ensure the best provision of care to older persons with more complex needs. 
 Such is the case for the Netherlands, where an estimated 10% of the population 
will be 85 years or older by the year 2050.2 With the aim of developing a more 
proactive, integrated health care system to accommodate the growing number of 
older patients, in 2008, the Dutch Ministry of Health, Welfare and Sport commissioned 
the National Care for the Elderly Programme. Under this Programme, a network 
of local health care providers, consumer advocates and research centres was 
established with the guiding principles of improving care, quality of life and 
self-reliance among older persons. To achieve these goals, the Programme 
promoted research in physical, mental and social health and well-being. 
 While numerous research projects were to be conducted under this national 
agenda, the Programme further advocated the development of The Older Persons 
and Informal Caregivers Survey Minimum Data Set (TOPICS-MDS) which 
would be integrated into all funded research protocols. This framework would 
not only have the intrinsic advantage of gathering uniform information on a 
large sample of older persons and caregivers at minimal cost but also promote 
data sharing between institutions. The Programme envisioned individual 
patient data could then be pooled to facilitate meta-analysis as well as serve as 
a public repository for external users. 
 Internationally, policymakers, geriatricians and other health professionals 
have long recognized the utility of incorporating minimal data collection as part 
of routine management in care facilities3,4 and hospitals5 as a well as a mechanism 
to achieve standardized outcome measurements in research.6,7 In this context, 
TOPICS-MDS was developed to serve as a complementary instrument which 
would not only collect information on older persons but also informal caregivers 
and health services utilization. TOPICS-MDS therefore has a broader scope than 
previous minimal datasets on older persons’ health and contains data relevant for 
many disciplines, including gerontology, public health and health economics. 
 Given that TOPICS-MDS was created as a large-scale data sharing initiative8, 
the	 aim	 of	 this	 first	 paper	 on	 the	 database	was	 two-fold:	 (1)	 to	 describe	 the	
development of TOPICS-MDS and feasibility of data collection; and (2) to 
discuss how frequently met challenges in building a public data repository 
were overcome.
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Materials and methods
Project management and governance
TOPICS-MDS	project	was	carried	out	as	a	collaborative	effort	between	the	eight	
medical research centers in the Netherlands, with Radboud University Medical 
Center serving as the central institution. A Project Group was established to 
advise on the development and maintenance of TOPICS-MDS and comprised of 
twelve members, a single representative from each medical center and four 
additional working group members with expertise in database management 
and epidemiology. To ensure the commitment of all involved parties, TOPICS- 
MDS project was overseen by a nationally representative Steering Committee 
comprised	of	eight	stakeholders	from	different	geographical	regions	within	the	
national network.
Development of the minimal dataset instrument
Since TOPICS-MDS instrument would be incorporated into a range of research 
projects,	it	was	therefore	critical	that	the	instrument	was	finalized	prior	to	the	
commencement	of	these	projects.	Thus,	the	first	priority	of	the	National	Care	for	
the Elderly Programme was to develop a concise, standardized instrument 
which would collect essential information on the health status of the older 
persons and informal caregivers. Using validated instruments for use in older 
populations, a small working group was nominated to draft a prototype for 
TOPICS-MDS instrument. The working group outlined key domains and data 
points for the initial prototype. Several revisions of TOPICS-MDS instrument 
were undertaken before consensus was achieved among working group members. 
Upon consensus, an independent multi-disciplinary panel with expertise in 
gerontology, epidemiology, biostatistics and health services research was invited to 
evaluate the instrument’s content and utility. Only minor revisions were warranted 
from the panel’s feedback. 
 TOPICS-MDS was then piloted in four regions throughout the Netherlands. 
A descriptive analysis was conducted to identify patterns in missingness. Two 
main operational issues were observed; several questions were consistently 
misinterpreted due to either (1) linguistic construct or (2) lay-out. Thus, a plain 
language expert was commissioned to revise TOPICS-MDS instrument for 
clarity	and	readability,	and	a	finalized	version	of	the	instrument	was	approved.	
The English translations of the surveys administered to older persons and 
informal caregivers are available at: http://www.topics-mds.eu.
Included measurements: Older persons 
For older persons, information was collected on demographics, morbidity, quality 
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of life, functional limitations, mental health, social functioning and health service 
utilization for a total of 51 data points. 
Demographics
The following demographic characteristics were included in TOPICS-MDS: sex; 
age; marital status; country of origin; primary domicile (e.g. independent 
residence, retirement home, nursing home); educational level and socio-economic 
status. In accordance with the Dutch educational system, educational level was 
classified	into	seven	categories,	with	the	lowest	category	representing	less	than	
primary school and the highest representing college/postgraduate education. 
Socio-economic status was categorized according to the Dutch Social and Cultural 
Planning	 Office	 Socio-Economic	 Status	 Index.9 For this index, respondents’ 
residential post codes were linked to geospatial data on average income, 
employment type and educational level to create an overall summary score, 
with higher numbers indicating higher socioeconomic status.
Morbidity
Respondents were asked to indicate morbidities experienced in the last twelve 
months	from	17	pre-defined	conditions	(e.g.	diabetes,	asthma,	cancer).	Included	
conditions were based on a listing widely used in the Netherlands to record 
multimorbidity.10 The presence of two or more conditions from this listing 
indicates multi-morbidity.  
Quality of life
The EuroQol Five Dimensional scale (EQ-5D)11 is recognized as an optimal 
instrument to derive preference based quality of life values, particularly when 
brevity is required.12	For	the	purposes	of	this	project,	a	modified	version	of	the	
EQ-5D, the EQ-5D+C, was used.13	Whereas	the	traditional	EQ-5D	assesses	five	
attributes (mobility, self-care, usual activities, pain/discomfort, anxiety/depression), 
the EQ-5D+C includes an additional attribute to assess cognitive function. Each 
attribute has three response options (‘no problems’, ‘some problems’ or ‘extreme 
problems’), resulting in a score or ‘1’, ‘2’ or ‘3’ respectively. Individual attribute 
scores are then concatenated into a six-digit number to describe a respondent’s 
health state, with ‘111111’ representing the best possible health state and ‘333333’ 
the worst possible health state. Thus, this metric has the potential to describe up 
to 729 (36) unique health states. To date, there is no validated weighting formula 
to convert the EQ-5D+C health state to a summary index in the Dutch 
population.13 However, such weightings are available for the EQ-5D14, and EQ-5D 
summary scores are available in TOPICS-MDS. 
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 Respondents were also asked to rate their current quality of life from a 
five-level	response	option	ranging	from	‘poor’	to	‘excellent’	and	their	quality	of	
life	relative	to	the	previous	year	from	a	five-level	response	option	ranging	from	
‘much worse’ to ‘much better’. These two questions were formed using phrasing 
similar to self-perceived health questions from the RAND-36, which is an inter-
nationally recognized health-related quality of life survey validated for use in 
the Netherlands.15,16 Self-perceived quality of life was further assessed with a 
modified	version	of	Cantril’s	Self	Anchoring	Ladder17, where respondents were 
asked to rate their present life on a scale between zero and ten.
Functional limitations
The	extent	of	functional	limitations	was	measured	using	a	modified	version	of	
the	 Katz	 Index	 of	 Independence	 Basic	 Activities	 of	 Daily	 Living	 (ADL),	
Instrumental Activities of Daily Living (IADL) and an additional indicator of 
mobility.18 To measure functional limitations, respondents were asked if 
assistance is required for six basic functions (i.e. bathing; dressing; eating; 
toileting; use of incontinence products; getting up from a chair) and seven 
instrumental functions (i.e. grooming; use of telephone; travelling;  grocery 
shopping;	 meal	 preparation,	 household	 tasks;	 taking	 medications;	 financial	
management). To measure mobility, respondents were asked if assistance was 
required	while	walking.	Metrics	 to	 assess	ADL	 and	 IADL,	 such	 as	 the	 Katz	
Index, have been administered in a variety of geriatric populations19 and has 
been shown to produce reliable results irrespective of completion by a respondent 
or a proxy.18,20 Responses are rated on a binary scoring system (dependent=1; 
independent=0) and summated, with higher scores representing greater 
functional limitations. 
Emotional wellbeing
The Rand-36 mental health sub-scale16 reliably measures a unidimensional 
concept of mental state21, and was therefore utilized to assess psychological 
wellbeing	in	TOPICS-MDS.	The	sub-scale	is	comprised	of	five	questions	asking	
respondents how often in the past four weeks they have felt (1) very nervous, (2) 
calm and peaceful, (3) down-hearted and blue, (4) happy and (5) so down in the 
dumps nothing could cheer [them] up. Five-level mutually exclusive response 
options are available ranging from ‘never’ to ‘always’. Positive attributes (e.g. 
feeling happy) are scored from zero to 100 respectively, whereas negative 
attributes (e.g. feeling very nervous) are reverse scored. Individual item scores 
are averaged and rescaled to produce a summary score between zero and 100, 
with higher scores indicating a more positive emotional state.
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Social functioning
Social functioning was determined by a single question derived from the 
RAND-36.16	Based	on	a	five-level	response	option	(from	‘never’	to	‘regularly’),	
respondents were asked how often in the past four weeks their physical health 
or emotional problems had hampered their social activities.
Health services utilization
The number of hospital admissions, length of hospital stay and urgent care 
visits occurring in the twelve-month prior to administration of the survey were 
collected. Information on the frequency of home care assistance (e.g. community 
nurse) and temporary residence in a care home or a nursing home were also 
recorded.
Included measurements: Informal caregiver 
For the informal caregiver, information was collected on demographics, hours 
of informal care and quality of life for a total of 27 data points.
Demographics
The following demographic characteristics were included in TOPICS-MDS: sex; 
age; socioeconomic status, the caregiver’s relationship with the care recipient; 
whether the caregiver resided with the care recipient, and if not, the geographical 
distance between the caregiver and care recipient.
Hours of informal care
Respondents were asked to retrospectively indicate how many hours in the past 
week	they	assisted	with	household	tasks,	personal	care,	transport	or	financial/
administrative duties. Notably, despite the potential for recall bias, retrospective 
reports of hours of informal care can yield valid and reliable results in cross-sec-
tional studies if adjustments for multi-tasking are included in the analysis.22
Quality of Life
Similarly to older persons, self-perceived quality of life was measured using 
two questions adapted from the RAND-3616	and	the	modified	version	of	Cantril’s	
Self Anchoring Ladder.17 However, given that a high level of burden among a 
caregiver can negatively impact the physical and mental wellbeing of both the 
caregiver and care recipient23, subjective care-related burden was measured 
using the validated CarerQol-7D.24 The CarerQol-7D was modeled after the 
EuroQol	 5-D	 and	 includes	 seven	 attributes:	 care-related	 fulfilment;	 relational	
problems	with	 the	 care	 recipient;	mental	 health;	 time	management;	 financial	
security; social support; and physical health. From three response options 
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(‘no’, ‘some’, ‘a lot’, scored as ‘1’, ‘2’ and ‘3’ respectively), respondents can indicate 
the extent of each attribute in their personal situation.24 The CarerQol-7D score 
is derived likewise to the EuroQol 5-D+C13 and thus can describe up to 2,187 
(37) levels of care-related burden. 
 Care-related burden was further assessed with the CarerQol-VAS24, which 
uses a visual analogue scale ranging from  ‘0’ to ‘10’ to rate a caregiver’s level of 
happiness	from	‘completely	unhappy’	to	‘completely	happy’.	Difficulty	of	care	
provision and the level happiness if another were to assume care responsibilities 
were also rated with a VAS.
Sampling framework and longitudinal data collection
In total, 52 independent research studies included TOPICS-MDS into their research 
protocols.	 The	 study	 design,	 sampling	 framework	 and	 inclusion	 criteria	 differed	
across research studies. Several individual project protocols included longitudinal 
data collection. In such cases, TOPICS-MDS instrument was administered at 
baseline and at least one additional follow-up was scheduled, typically 12 months 
after baseline.
Ethical approval
TOPICS-MDS instrument was integrated into pre-existing research protocols, 
and therefore ethical approval for the collection of TOPICS-MDS was sought 
from individual study sites. Results presented in this analysis were exempt 
from institutional review as data were anonymised and within the public 
domain.
Data collection and management
A data dictionary and a standardized protocol for data cleaning procedures 
were drafted and provided to all participating project managers. To preserve 
participant	confidentiality,	data	were	cleaned	at	individual	research	sites,	stripped	 
of	 any	 personal	 identifiers	 and	 entered	 into	 a	 standardized	 computerized	
database. All data were submitted to a centralized body (Radboud University 
Medical Center) for the collation of a national dataset.
Development of a public data repository
To	 facilitate	 external	 users,	 all	 de-identified	 data	 maintained	 in	 the	 public	
repository	 have	 been	 verified	 for	 accuracy	 and	 clearly	 labelled.	 A	 single	
institution (Radboud University Medical Center) was nominated to be the 
custodian of TOPICS-MDS and facilitate incoming data requests. To ensure 
equitable use, the Project Group drafted a data access policy and selected a 
Societal	Board	 to	 review	 the	 societal	merits	 and	benefits	of	 all	data	 requests.	
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Members of the Societal Board were nominated by the National Care for the 
Elderly network and comprised of seven members: a consumer advocate (chair), 
two research scientists, two community representatives and two health policy 
professionals. 
 Following data collection, there is a six-month moratorium in the release of 
the data. After this period, TOPICS-MDS data access policy permits all research 
scientists	affiliated	with	an	academic,	healthcare	or	other	 research	 institution	
worldwide to submit a request to access data. Prior to the release of data, all 
requests must be approved by both the Project Group and Societal Board.
Table 1   Characteristics of 41 projects included in The Older Persons and 
Informal Caregivers Minimum Data Set, Netherlands, 2012
Projects
(N=41)
Participants
(N=32,310)
Sampling frame N N (%)
Primary care practice 20 16,537 (51.2)
General population 10 6,401(19.8)
Hospital 5 1,753 (5.4)
Retirement community 3 5,083 (15.7)
Nursing home 3 2,536 (7.9)
Inclusion criteriaa 
Frailtyb 6 8,832 (27.3)
Dementia 3 2,352 (7.3)
Age minimum
  45 years 1 1,479 (4.6)
  50 years 1 535 (1.7)
  60 years 4 1,661 (5.1)
  65 years 14 8,800 (27.2)
  70 years 6 1,688 (5.2)
  75 years 6 10,876 (33.7)
		Unspecified 9 7,271 (22.5)
a Inclusion criteria presented in this table are neither exhaustive nor mutually exclusive.
b Operational	definitions	for	frailty	differed	across	studies.
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Results
TOPICS-MDS contains essential data to better understand health challenges 
experienced by older persons and informal caregivers. To highlight the utility 
of the TOPICS-MDS, descriptive statistics were calculated using preliminary 
data from 41 research projects. Results are shown for select characteristics only. 
All analyses were performed using SAS 9.2 (Carey, NC, USA).
 Between 2010 and 2013, a total of 41 research projects contributed data to 
TOPICS-MDS. The majority of studies sampled were from primary care settings 
and	inclusion	criteria	differed	across	studies	(Table	1).	The	following	analyses	
are based on the preliminary data for 32,310 older persons and 3,940 informal 
caregivers.
 The majority of older persons in this cohort were women (59.0%). Relative 
to men, women were modestly older, more likely to be widowed and more 
likely to reside independently (Table 2). Multi-morbidity was common, with 
three-quarters of respondents reporting two or more morbidities. The most 
frequently cited conditions were hearing problems (45.8%), knee and hip joint 
damage (42.0%) and vision disorders (39.4%). 
 Based on the EQ-5D+C, the vast majority reported no problems with 
self-care; though, severe problems with anxiety and depression were relatively 
high among both men and women (Table 3). One-third (32.9%) of respondents 
reported no functional limitations in ADL or IADL. However, substantial 
gender disparities were observed, with women less likely to report no functional 
limitations than men (25.2% versus 47.5% respectively). The prevalence of 
incontinence products use and requiring assistance with household tasks and 
walking were notably higher among women (Table 4).
 The average age of informal caregivers in this cohort was 63 years (SD 13); 
more than two-thirds (69.8%) were women. Caregivers were most likely to be a 
spouse/life partner or a daughter/son (in-law) of the care recipient (42.5% and 
40.2% respectively); more than half (52.3%) did not live with their care recipient. 
Approximately	10%	of	caregivers	reported	‘some’	or	‘a	lot’	of	care-related	financial	
burden and nearly one-third (30.6%) received no social support from family, 
friends or acquaintances (Table 5).
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Table 2   Demographic characteristics of older persons, The Older Persons and 
Informal Caregivers Minimum Data Set, Netherlands, 2012
Men
(N=13,237)
Women
(N=19,017)
Age (mean, SD) 77 (8) 79 (8)
Marital status
Married 70.7 35.8
Widowed 18.3 50.4
Othera 11.1 13.8
Dutch origin 91.5 91.1
Primary domicile
Independent residence 27.5 50.7
Residence with family members 51.2 29.7
Retirement home 19.9 17.0
Nursing home 1.4 2.5
Educational levelb
Primary school or less 25.6 42.2
Practical/secondary vocational training 47.3 44.9
Some college/university degree 27.2 12.9
Note: Values are presented as percentage unless otherwise stated. Data are based on 41 research 
projects. 
a Includes single, divorced and cohabiting.
b Collapsed from seven Dutch educational categories.
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Table 3   Percentage of older persons reporting no, some or severe problems 
on the EQ-5D+C quality of life scale by sex, The Older Persons and 
Informal Caregivers Minimum Data Set, Netherlands, 2012
No problem Some problems Severe problems
Mobility
Men 50.6 47.9 1.5
Women 37.8 60.3 1.9
Self-care
Men 83.3 12.4 4.3
Women 77.2 16.5 6.2
Usual activities
Men 63.4 26.5 10.1
Women 53.0 36.4 10.6
Pain/discomfort
Men 48.7 45.6 2.3
Women 33.9 55.4 10.9
Anxiety/depression
Men 71.0 18.3 10.7
Women 62.2 25.1 12.7
Cognitive functioning
Men 64.9 32.9 2.2
Women 67.9 30.2 2.0
Note: Percentages are based on 13,237 men and 19,017 women.
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Table 4   Percentage of older persons requiring assistance for activities  
of daily living by sex, The Older Persons and Informal Caregivers 
Minimum Data Set, Netherlands, 2012
Men
(N=13,237)
Women
(N=19,017)
Basic activities 
Bathing or showering 14.6 21.3
Dressing 10.5 13.6
Eating 3.3 3.1
Toileting 5.2 5.6
Use of incontinence products 11.9 39.8
Getting up from a chair 7.2 10.1
Instrumental activities
Grooming 6.0 6.1
Use of telephone 8.7 6.4
Travelling 23.8 40.8
Grocery shopping 20.2 36.5
Preparing a meal 26.5 23.3
Household tasks 39.6 62.5
Taking medication 13.1 12.5
Financial management 16.1 20.8
Mobility
Walking 18.9 31.9
Table 5   Percentage of caregivers reporting problems on the CarerQol-7D 
quality of life scale (n=3,940), The Older Persons and Informal 
Caregivers Minimum Data Set, Netherlands, 2012
No Some A lot
Satisfaction performing care tasks 5.9 41.0 53.1
Relational problems with care recipient 52.6 34.2 13.3
Issues with personal mental health 49.9 37.1 12.9
Issues with personal physical health 44.3 40.5 15.2
Problems combining daily activities and care tasks 49.6 38.3 12.1
Financial problems 90.7 7.3 2.0
Social support in care tasks 30.6 39.0 30.5
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Discussion 
TOPICS-MDS has been successfully incorporated into numerous research 
projects, thus supporting the feasibility of constructing a large (>30,000 
observations), standardized dataset pooled from various study protocols. These 
initial	positive	findings	are	encouraging	to	future	researchers	who	may	wish	to	
administer TOPICS-MDS instrument within their own research protocols to 
further this initiative. The unique implementation strategy of TOPICS-MDS has 
several inherent strengths. First, integrating a standardized data collection tool 
into	 pre-existing	 research	 protocols	 is	 a	 highly	 efficient	 and	 cost-effective	
method to generate data on a large number of respondents. Moreover, by 
collecting uniform individual-level data, we counter traditional obstacles that 
impede	meta-analysis,	such	as	select	reporting	of	aggregate	data	or	differences	
in	 exposure/outcome	 operational	 definitions.25,26 Lastly, with appropriate 
statistical considerations, the pooled data from TOPICS-MDS may be able to 
have broader generalizability than individual research studies.27 
 Preliminary analyses of TOPICS-MDS revealed that a considerable proportion 
of recruited older persons experienced some form of disutility, whether related 
to morbidity, ADL or quality of life, thus alluding to the underlying extent of 
frailty.	 Defined	 as	 an	 increased	 vulnerability	 to	 adverse	 health	 outcomes	
following a stressor event28, frailty can serve as a stronger indicator for geriatric 
intervention than chronological age.29 For this reason, identifying frailty on a 
patient-level	 can	 result	 in	more	effective	case	management,	and	on	a	popula-
tion-level, can lead to improved distribution of health services. Although there 
are several valid methods to measure frailty28, the calculation of a frailty index 
based	 on	 the	 accumulation	 of	 deficits	 in	 health30 (i.e. symptoms, morbidities 
and/or functional limitations) can be easily applied in large-scale population 
studies.31-33	Thus,	given	 the	 range	of	deficits	 captured	within	TOPICS-MDS,	a	
frailty index can be derived to provide another important indicator of health in 
the database. 
 TOPICS-MDS is not without limitations. Arguably, alternative metrics to 
those included may have permitted a more detailed investigation of outcomes 
of interest. However, TOPICS-MDS data collection instrument was designed to 
achieve a critical balance between content and succinctness. Moreover, although 
the data collection instrument was comprised of well-established health scales, 
given	the	different	sampling	frameworks	of	individual	research	projects,	further	
methodological investigations are necessary to assess if reliability, validity and 
generalizability	are	upheld	in	the	overall	sample	population.	Specifically,	future	
studies	examining	cluster	effects,	heterogeneity	and	patterns	in	missingness	are	
warranted to maximize the utility and interpretation of the data. 
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 Still, TOPICS-MDS should not only be seen as an endeavor to create a 
minimal dataset in older persons’ health and wellbeing but also as a large-scale 
data	 sharing	 initiative,	which	 in	 itself	 is	 an	 important	 scientific	 output.	Data	
sharing has the potential to provoke positive changes in public health strategies, 
improve	 project	 cost-effectiveness	 and	 enhance	 scientific	 integrity.34 These 
advantages	 have	 become	 increasingly	 recognized	 throughout	 scientific	
communities, consequently prompting 17 major funders of public health 
research to draft a joint statement supporting public data repositories.34,35 
Nonetheless, while advances have been made in biomedical spheres, data 
sharing remains largely elusive in public health research.35 Commonly cited 
barriers include data protection legislation, potential overlap in analyses and 
funding limitations.36 Other underlying issues, such as self-perceived 
proprietorship over databases and the competitive demand to increase 
published output, also contribute to a research culture which is not conducive 
with data sharing.35,36 Thus, despite the potential for increased citation rates37 
and journal policies advocating open access, the release of data is not always 
achieved in practice.38,39 
 In light of these complications, TOPICS-MDS Project Group and Steering 
Committee sought to proactively address potential obstacles in order to 
encourage a culture of data sharing from the initial phases of the project. Firstly, 
to comply with data protection legislation, external users will only be permitted 
to access a fully anonymised database. To circumvent issues related to 
publication rights, a brief moratorium in the release of data is implemented to 
afford	 research	 consortium	 members	 the	 opportunity	 to	 publish	 without	
conflicting	 data	 requests.	 Following	 this	 period,	 all	 Project	 Group	 members	
acceded that they would have to submit a data request to perform any additional 
analyses not initiated during the moratorium. To further protect the interests of 
external users, TOPICS-MDS Societal Board was established as a safeguard 
against preferential release of data. Lastly, like many public health research 
projects,	TOPICS-MDS	received	fixed	funding.	To	promote	the	continuance	of	
the project, funding calls are being actively sought by the Project Group and it is 
envisioned that TOPICS-MDS will be incorporated into future studies on older 
persons’ health. Opportunities to link data with permanently funded 
institutions are also being explored. 
 Nonetheless, while these aforementioned measures are fundamental for 
data sharing, we believe that the strong commitment of all involved stakeholders 
underlies the success of this public data repository to date. Based on our 
experience, building TOPICS-MDS without collaborating with the researchers 
who	collected	the	data	would	have	been	ineffective.	Rather,	we	found	keeping	
researchers engaged through regular updates and assistance with the data 
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submission process were instrumental to the sustainability of the data sharing 
initiative. 
 TOPICS-MDS will be open for external requests in the last quarter of 2013; 
full details on how to submit a request will be made available through 
TOPICS-MDS website at: http://www.topics-mds.eu. Additional background 
information, the TOPICS-MDS data dictionary and relevant syntaxes can also 
be accessed on the website. Documents are available in English and Dutch.
 In conclusion, TOPICS-MDS represents a strong example of a public data 
repository with wide reaching potential. Understanding the health challenges 
experienced by older persons and informal caregivers can help inform the re-
configuration	of	 contemporary	 care	models	 to	achieve	a	more	 integrated	and	
proactive health services system. Although based in the Netherlands, such 
findings	 are	 timely	 and	 relevant	 for	 many	 industrialized	 countries	 where	
increasing health-related expenditure has necessitated the evaluation of 
contemporary health care delivery.
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Abstract
Objective: To internally validate a 15-item dichotomous Activities of Daily 
Living and Instrumental Activities of Daily Living (ADL/IADL) Index.
Methods: Data were extracted from The Older Persons and Informal Caregivers 
Survey Minimal DataSet (TOPICS-MDS). Using Rasch modelling, six aspects of 
the	ADL/IADL	scale	were	assessed:	 (1)	overall	fit;	 (2)	 internal	 consistency;	 (3)	
individual	item	and	person	fit;	(4)	local	dependency;	(5)	targeting;	and	(6)	differential	
item	functioning	(RUMM	2030).	All	analyses	were	stratified	by	living	situation	
[community-dwelling (n=21,926) or residential care facility (n=2,458)].
Results: In both settings, ‘eating’ was the easiest activity on the scale and 
‘performing	household	tasks’	was	the	most	difficult	activity.	However,	based	on	
the	 location	 on	 the	 logit	 scale,	 the	 level	 of	 difficulty	 for	 certain	 items	 varied	
between residential settings, suggesting summary scores are not equivalent 
between	these	settings.	Differential	item	functioning	by	gender	and	age	group	
was observed for several items, indicating potential measurement bias in the 
scale.
Discussion: Unless adjustments are undertaken, ADL/IADL summary scores 
retrieved from older persons residing in the community or residential care 
facilities should not be directly compared. This 15-item scale is poorly targeted 
for a community-dwelling older population, underscoring the need for items 
with improved discriminative ability.
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Introduction
The concept of validity is a cornerstone in clinical and public health research. 
When measuring subjective health outcomes, researchers actively promote the 
use of validated instruments. Importantly, however, such instruments are not 
inherently	valid,	but	rather	validated	in	the	context	of	specific	research	settings.1 
Survey methodologists have therefore supported the re-evaluation of instrument 
validity	in	different	settings.1 
 There are two major measurement paradigms to assess validity: Classical 
Test Theory (CTT) and Item Response Theory (IRT). CTT approaches are often 
applied in epidemiological and clinical validity research. The central tenet of 
CTT	is	that	any	observed	score	is	a	reflection	of	a	“true”	score	and	a	degree	of	
random error.2 However, recognized criticisms of this paradigm include the 
underlying assumptions that there is a constant error term (i.e. measurement 
error is independent of the true score), items on a scale are equally weighted, 
and results are sample-dependent.2 
 In contrast, IRT is a probabilistic  model of how individuals respond to 
items2 and is based on the assumption that an outcome is a function of the item’s 
characteristics and the individual completing the survey item.1 Although 
historically rooted in psychometrics, IRT approaches have been increasingly 
applied in public health research3 and have been regarded as a useful tool to 
assess validity.4,5 Unlike CTT, IRT does not assume that all scale items are 
equally weighted2, a highly useful aspect in validation work. IRT approaches 
can	 further	 investigate	 whether	 a	 scale	 covers	 a	 sufficient	 range	 of	 items	
(supporting the measurement of a larger theoretical construct) and if meaningful 
variation in response patterns are present across demographic groups 
(indicating potential measurement bias).6 Within IRT, the adherence to the 
Rasch	model	 represents	a	 robust	validity	 test	 since	 this	 specific	 IRT	methods	
assesses person and health-state parameters separately.7 
 Given these aforementioned properties, IRT confers clear advantages when 
assessing the validity of Activities of Daily Living (ADL) and Instrumental 
Activities	 of	 Daily	 Living	 (IADL)	 scales.	 Briefly,	 ADL	 and	 IADL	 represent	
activities associated with independent living, particularly among older persons. 
The former concept refers to more basic activities, such as eating and toileting, 
whereas the latter refers to more complex activities, such as shopping and 
managing	finances.	 Since	 diminished	 ability	 to	 complete	 such	 activities	may	
result in poorer quality of life8 and increased risk for depression9, ADL/IADL 
scores are important health markers.10 Numerous scales have been developed to 
measure ADL/IADL11,12, with one review of the literature identifying more than 
one hundred variations.13 When exploring the validity of a scale, it is important 
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to	acknowledge	that	ADL/IADL	scales	possess	a	hierarchy	of	difficulty;	in	other	
words,	some	items	are	inherently	more	difficult	to	perform	than	others14,15 For 
this reason, IRT approaches can elucidate additional information which is not 
possible using CTT approaches.  
 The primary aim of our study was to internally validate a 15-item dichotomous 
ADL/IADL index16 used in The Older Persons and Informal Caregivers Survey 
Minimal DataSet (TOPICS-MDS), a large data sharing initiative containing 
prospectively	 collected	 data	 in	 the	Netherlands.	 IRT	 approaches,	 specifically	
Rasch	 analyses,	 have	 been	 previously	 applied	 to	 different	 ADL/IADL	 scales.17,18 
We therefore complement this research by applying a Rasch analysis to this 
specific	 15-item	dichotomous	ADL/IADL	 scale	 and	 further	 compare	 the	 validity	 
of this scale across two residential settings (community-dwelling and residential 
care facility) to inform future users on the appropriateness of comparing and/or 
combining summary scores from these settings. This aim is particularly relevant 
in the context of TOPICS-MDS because this initiative was developed, in part, to 
generate comparative outcomes between contributing research projects.
Methods
Data source
Data were derived from TOPICS-MDS, which is a public access data repository 
designed to capture essential information on the physical and mental wellbeing 
of older persons and informal caregivers in the Netherlands. A detailed 
description of TOPICS-MDS has been presented elsewhere19; the original survey 
used for data collection is available on TOPICS-MDS website (www.topics-mds.
eu).	 Briefly,	 the	 Dutch	 National	 Care	 for	 the	 Elderly	 Programme	 (http:// 
www.nationaalprogrammaouderenzorg.nl) was established in 2008 to promote 
proactive, integrated health care for older persons with complex care needs. 
As part of this national agenda, TOPICS-MDS was developed to prospectively 
collect uniform information from all research projects funded under the 
Programme. Included survey items were based on the recommendations of an 
expert panel who was tasked with identifying key outcomes in older persons’ 
health relevant in a range of settings.19 
 TOPICS-MDS consists of pooled data from various research projects which 
differ	across	study	design,	sampling	framework,	and	inclusion	criteria.	All	data	
were cleaned locally using a standardized protocol. Anonymized individual- 
level data were then submitted to a central institution (Radboud University 
Medical Center, Nijmegen, Netherlands) for further validation checks and creation 
of the pooled dataset. Since various research projects submit information to 
 Evaluation of TOPICS-MDS Survey Instruments | 47
TOPICS-MDS, the database is dynamic in nature and may be updated with new 
observations. Our present analysis uses data from 41 research projects with 
complete ADL/IADL data available on 24,648 older persons. TOPICS-MDS is a 
fully anonymized dataset available for public access, and therefore this analysis 
was exempt from ethical review (Radboud University Medical Centre Ethical 
Committee review reference number: CMO: 2012/120). 
Measures
Activities of daily living
A	modified	version	 of	 the	Katz	 Index	 of	 Independence	 of	Activities	 in	Daily	
Living16 was reviewed by a multidisciplinary expert panel convened during the 
development phase of TOPICS-MDS.19 This scale was selected since it provided 
a more global measure of limitations in activities and allowed for ADL and 
IADL to be analyzed separately as well as combined. Participants were asked if 
they	 currently	 required	 assistance	 performing	 15	 different	 activities.	 ADL	
included bathing, dressing, eating, toileting, use of incontinence products, and 
getting up from a chair (transferring). IADL included grooming, use of 
telephone, travelling, shopping, meal preparation, household tasks, taking 
medications,	financial	management,	and	walking.	All	responses	were	recorded	
dichotomously (yes, assistance required/no assistance required). Items were 
summated, resulting in a scale ranging from 0 to 15 limitations. 
Demographics
We decided a priori	to	stratify	all	analyses	by	living	situation,	defined	as	either	
community-dwelling or residing in a residential care facility. In the Netherlands, 
a residential care facility provides housing and care for older persons who 
encounter	difficulties	living	independently	but	do	not	require	the	high	level	of	
care provided in a nursing home setting. Residents are encouraged to perform 
ADL and IADL; however, assistance with activities is available. Age was divided 
into three groups (65 – 74; 75 – 84; 85+).
Analysis 
From the class of IRT models, we applied the most basic model, the Rasch model. 
This IRT model applies a 1-parameter logistic model to assess an item’s 
discriminative ability. The model assumes that the probability of item 
endorsement is a logistic function of the relative distance between the item’s 
difficulty	 (“item	 location”)	 and	 the	 participant’s	 ability	 (“person	 location”).4 
Thus, in the context of the present study, the probability that a participant 
reports an ADL/IADL limitation is interpreted as a logistic function of the 
difficulty	of	the	activity	relative	to	the	person’s	overall	ability.
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Previous studies have demonstrated that combined ADL/IADL represent a 
unidimensional latent construct of disability15,20-22, a requirement for Rasch 
analysis.	 To	 ensure	 this	 requirement	 was	 upheld,	 we	 first	 re-assessed	 the	
dimensionality of the scale in both residential settings. In line with previous 
research4,23,24, we then evaluated six aspects to assess the properties of the ADL/
IADL	 scale:	 (1)	 overall	 fit	 to	 the	 Rasch	 model;	 (2)	 internal	 consistency;	 (3)	
individual	 item	 and	 person	 fit;	 (4)	 local	 dependency;	 (5)	 targeting;	 and	 (6)	
differential	 information	 functioning.	 Data	 analyses	 were	 performed	 using	 R	
(2013: Vienna, Austria) and Rasch Unidimensional Measurement Model 2030 
(RUMM2030; Rumm Laboratory, Perth, Western Australia).
Endorsement patterns 
Based	 on	 frequencies,	 we	 first	 examined	 the	 endorsement	 patterns	 for	 each	
ADL/IADL item.
Unidimensionality
Using the R package ‘lavaan’25,	we	conducted	a	confirmatory	factor	analysis	to	
evaluate	 the	 unidimensionality	 of	 the	 scale.	 Goodness-of-fit	 was	 examined	
using the Root Mean Square Error of Approximation (RMSEA), the Comparative 
Fit	 Index	 (CFI)	and	 the	Tucker	Lewis	 Index	 (TLI).	For	 the	confirmatory	 factor	
analysis, a RMSEA <0.0826, a CFI >0.9027 and a TLI >0.9028 were considered the 
minimum	thresholds	of	acceptability	for	model	fit.
Overall fit to the Rasch model
We	examined	the	standardized	mean	item	and	person	fit	residuals	and	the	χ2 
coefficient.	The	residuals	indicate	the	level	of	agreement	between	the	observed	
and	expected	responses	given	the	ability	of	the	individual	and	the	difficulty	of	
the	item;	perfect	fit	would	be	represented	with	a	mean	residual	of	zero	with	a	
standard deviation falling between negative one and one.4 A standard deviation 
>1.5	indicates	poor	model	fit.4  
	 The	 χ2 value represents item-trait interaction, whether items follow the 
same	hierarchical	order	of	difficulty	across	class	 intervals	 (i.e.	groups)	on	 the	
measurement	continuum.	We	tested	the	significance	of	the	χ2 value using a Bon-
ferroni-adjusted	α	to	allow	for	multiple	comparisons;	a	non-significant	χ2 value 
indicated	good	fit.	However,	large	sample	sizes	(>1,000)	inflate	the	χ2 value, and 
increase	 the	 likelihood	 of	 identifying	 misfit.29 We therefore calculated the 
RMSEA	 as	 a	 complementary	 fit	 indicator.	 The	 RMSEA	 is	 less	 influenced	 by	
sample size29 and was derived using the following formula:
RMSEA	=	√	[((χ²/df)	-	1)/(N	-	1)]
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whereby	χ²	is	the	chi-square	value,	df	is	the	associated	degrees	of	freedom	and	
N is the sample size. We considered an RMSEA value <0.2 to indicate adequate 
model	 fit.29	 Notably,	 the	 threshold	 for	 the	 RMSEA	 differs	 between	 assessing	
	unidimensionality	 in	a	confirmatory	factory	analysis	and	assessing	overall	fit	
for a Rasch model.
Internal consistency
Internal consistency was evaluated using the Person Separation Index; this 
index indicates the extent to which the ADL/IADL scales discriminate between 
persons	 of	 different	 ability.	 When	 calculating	 the	 Person	 Separation	 Index,	
extreme scores (i.e. persons who reported having all ADL/IADL limitations or 
no ADL/IADL limitations) produce less precise estimates. We therefore 
calculated	this	index	with	and	without	extreme	scores.	Similar	to	Cronbach’s	α	
coefficient,	 a	 Person	 Separation	 Index	 score	 >0.70	 is	 recommended	 for	 scales	
interpreted at the population level.4 Scales with index scores lower than this 
threshold may require additional items or response options to better 
discriminate	between	persons	with	different	ADL/IADL	levels.
Individual item location and fit
We	 evaluated	 individual	 item	 location	 and	 fit	 residuals.	 Item	 locations	 are	
presented in logits, i.e. log-odds units, a unit of measurement representing the 
difference	between	individual	ability	and	item	difficulty.30	Extreme	positive	fit	
residuals	 (>2.5)	 suggest	 misfit	 whereas	 extreme	 negative	 fit	 residuals	 (<-2.5)	
suggest item redundancy.4 
Local dependency
Rasch analyses require that items are locally independent of each other. This 
means that there should not be any correlation between two items after the 
effect	of	 the	underlying	 trait	 is	 conditioned	out,	 i.e.	 the	 correlation	 should	be	
zero16	 We	 classified	 items	 as	 locally	 dependent	 if	 the	 correlation	 coefficient	
between their residuals was >0.3.4 If locally dependent items were observed, the 
items were examined to evaluate their impact on the reliability of the scale.  
 
Targeting 
Targeting	is	defined	as	the	extent	to	which	the	range	of	the	measure	corresponds	
with the range of the measure in the study sample.5 If a scale is poorly targeted, 
i.e.	too	easy	or	too	difficult,	persons	may	disproportionately	report	having	no	
ADL/IADL	limitations	(floor	effect)	or	all	ADL/IADL	limitations	(ceiling	effect).	
To assess targeting, we examined the person-item location distribution map, 
which visually depicts person locations against item locations. A positive mean 
50 | Chapter 3
location score indicates that the study population demonstrates a higher ADL/
IADL ability than the average of the scale whereas a negative mean location 
score indicates the contrary.4,31 A mean location score near zero indicates a well- 
targeted scale.
Differential item functioning
To	assess	differential	item	functioning	(DIF)	across	gender	and	age	group,	we	
first	performed	an	ANOVA	of	the	standardized	response	residuals	of	each	item	
by	 class	 interval.	A	 significant	main	 effect	 for	 gender	 or	 age	 group	 indicates	
uniform	DIF,	i.e.	a	consistent	systematic	difference	between	groups	across	the	
measurement	continuum.	A	significant	interaction	between	gender/age	group	
and	 class	 interval	 indicates	 non-uniform	 DIF,	 i.e.	 an	 inconsistent	 difference	
between	groups.	To	confirm	DIF,	we	then	visually	inspected	the	observed	item	
characteristic curves by gender and age group relative to the theoretical item 
characteristic curve. 
Results
Endorsement patterns
Based on frequencies, older persons in both settings were most likely to report 
having	 difficulties	 with	 ‘household	 tasks’	 and	 least	 likely	 to	 report	 have	
difficulties	with	‘eating’	(Table	1).	
Unidimensionality
Unidimensionality was upheld in the community-dwelling and residential care 
facility settings (Table 2), thus meeting the prerequisite for performing a Rasch 
model.
Overall fit to the Rasch model
The level of adherence to the Rasch model varied by setting, with the communi-
ty-dwelling	 setting	 exhibiting	 poorer	 fit	 (Table	 3).	 The	 standardized	mean	fit	
item residual was notably large for the community-dwelling setting; the item 
residual standard deviations exceeded an acceptable threshold (i.e. >1.5) in the 
community-dwelling	and	residential	care	facility	settings.	Based	on	the	χ2 test, 
a	 statistically	 significant	 item-trait	 interaction	 was	 present	 in	 both	 settings.	
However,	when	cross-referenced	with	 the	RMSEA	to	counter	 the	 influence	of	
large	sample	size,	the	fit	was	reasonable	(i.e.	RMSEA	<0.2).	Mean	standardized	
person	 fit	 residuals	 and	 corresponding	 standard	 deviations	 fell	 within	 an	
acceptable range (Table 3).   
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Table 1   Characteristics of study population, The Older Persons and 
Informal Caregivers Survey Minimum Dataset, 2013 
Community-dwelling
N=21,926
%
Care 
facility
N=2,458
%
Female 58.1 73.7
Age group (years)
   65 – 74 32.1 4.7
   75 – 84 52.2 37.0
   >85 15.7 58.3
Required assistance with ADL/IADL items
   Household tasks 48.0 89.9
   Travelling 27.7 69.9
   Meal preparation 16.8 67.0
   Shopping 24.8 62.4
   Walking 22.5 58.4
   Bathing* 11.6 58.4
   Use of incontinence products* 25.1 52.8
   Financial management 14.5 42.6
   Dressing* 8.0 37.5
   Taking medications 6.8 31.5
   Getting up from a chair*  6.7 18.0
   Toileting* 2.7 13.7
   Grooming 2.2 12.7
   Use of telephone 3.9 11.8
   Eating* 1.3 4.0
Abbreviations: ADL, activities of daily living; IADL, instrumental activities of daily living 
Note: * indicates ADL item.
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Internal consistency
The Person Separation Index was sub-optimal for the ADL/ADL scale in the 
community-dwelling setting (0.54 with extreme scores; 0.61 without extreme 
scores).	This	finding	implies	that	the	scale	does	not	discriminate	well	between	
persons	 of	 different	 abilities	 in	 this	 setting.	However,	 the	 Person	 Separation	
Index was acceptable (i.e. >0.70) in the residential care facility setting irrespective 
of the inclusion or exclusion of extreme scores (Table 3). 
Individual item location and fit
Tables 4 show the item locations for the combined ADL/IADL scale. In both 
settings, ‘eating’ was the easiest activity on the scale and ‘performing household 
tasks’	was	the	most	difficult	activity.	However,	based	on	the	location	on	the	logit	
scale,	 the	 level	 of	 difficulty	 for	 certain	 items	 varied	 between	 settings.	 For	
example, ‘bathing’ and ‘meal preparation’ represented easier items in the com-
munity-dwelling setting (0.12 and 0.80 logits respectively) than in the residential 
care facility setting (1.22 and 1.62 logits respectively). 
 In the community-dwelling setting, twelve of the 15 items had a variance 
that	did	not	fit	with	the	Rasch	model	(i.e.	fit	residuals	outside	±2.5	range).	Most	
suggested	 item	 redundancy	 (i.e.	 negative	 fit	 residuals).	 Two	 items,	 ‘use	 of	
incontinence	products’	and	‘managing	finances’,	displayed	misfit	(i.e.	positive	fit	
residuals).	In	the	residential	care	facility	setting,	eight	items	exhibited	poor	fit;	
five	items	suggested	item	redundancy	whereas	three	items	(‘managing	finances’,	
‘use	of	incontinence	products’,	and	‘walking’)	suggested	misfit.	
Table 2   Confirmatory	factor	analysis	model	fit	by	residence	setting
Community-dwelling
N=21,926
Residential care facility
N=2,458
χ2 3,841 1,087
df 90 90
χ2 p-value <0.001 <0.001
RMSEA (95% CI) 0.044 (0.042-0.050) 0.067 (0.064-0.071)
CFI 0.989 0.969
TLI 0.987 0.963
Abbreviations: df, degrees of freedom; RMSEA, root mean square error of approximation; CFI, 
comparative	fit	index;	TLI,	Tucker-Lewis	Index
Note:	χ2 value refers to the minimum function test statistic. An RMSEA <0.08, a CFI >0.90, and a 
TLI >0.90 were considered the minimum thresholds of acceptability.
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Table 4   Item	fit	statistics	for	ADL/IADL	items	in	community-dwelling	
setting (N=21,926) and residential care facility setting (N=2,458), 
ordered by item location
Item Location SE Fit residual χ2 p-value
Community-dwelling
Eating -2.97 0.06 -1.91 15.58 0.02
Grooming -2.44 0.05 -9.07 128.95 <0.0001*
Toileting -2.19 0.05 -10.68 197.85 <0.0001*
Telephone -1.42 0.04 -0.90 58.08 <0.0001*
Medicine -0.69 0.03 -5.93 64.52 <0.0001*
Getting up from chair -0.68 0.03 -4.44 53.49 <0.0001*
Dressing -0.50 0.03 -17.37 511.98 <0.0001*
Bathing 0.12 0.02 -22.85 726.89 <0.0001*
Managing	finances 0.55 0.02 18.45 980.86 <0.0001*
Meal preparation 0.80 0.02 -9.72 255.99 <0.0001*
Walking 1.31 0.02 -5.50 183.85 <0.0001*
Use of incontinence products 1.42 0.02 36.99 2086.78 <0.0001*
Shopping 1.53 0.02 -24.24 977.82 <0.0001*
Travelling 1.79 0.02 -16.10 849.43 <0.0001*
Household tasks 3.36 0.02 0.69 217.35 <0.0001*
Residential care facility
Eating -3.86 0.12 -1.98 9.30 0.41
Grooming -2.16 0.07 -3.22 36.19 <0.0001*
Toileting -2.09 0.07 -4.27 81.76 <0.0001*
Telephone -2.07 0.07 1.44 34.23 <0.0001*
Getting up from chair -1.45 0.06 -0.59 21.26 0.01
Medicine -0.46 0.05 1.93 16.13 0.06
Dressing -0.10 0.05 -7.22 112.99 <0.0001*
Managing	finances 0.22 0.05 3.75 18.54 0.03
Use of incontinence products 0.79 0.05 7.01 52.02 <0.0001*
Walking 1.13 0.05 2.80 13.93 0.12
Bathing 1.22 0.05 -5.97 114.18 <0.0001*
Shopping 1.36 0.05 -3.78 77.82 <0.0001*
Meal preparation 1.62 0.05 -0.34 20.30 0.02
Travelling 1.87 0.05 -1.47 31.45 0.0002*
Household tasks 3.97 0.09 -1.14 10.89 0.28
Abbreviation: ADL, activities of daily living; IADL, instrumental activities of daily living; 
SE, standard error 
Note:	*Bonferroni	adjusted	significant	level,	0.000667
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The	majority	of	items	demonstrated	statistically	significant	item-trait	interactions	
(χ2 test),	i.e.	inconsistent	performance	across	class	intervals	of	difficulty,	in	the	
community-dwelling	and	residential	care	facility	settings.	These	findings	were	
likely	inflated	due	to	large	sample	size.
Local dependency 
In the community-dwelling setting, evidence of response dependency 
(person-item	 residual	 correlation	 coefficient	 >0.3)	 was	 observed	 between	
‘bathing’ and ‘dressing’ (0.33). Given the borderline correlation, minimal impact 
on the scale was expected. In the residential care facility setting, no response 
dependency was observed. 
Targeting
The mean location score varied in community-dwelling (Mean: 2.84; SD: 1.62) 
and residential care facility (Mean: 0.65; SD: 1.85) settings. The positive mean 
location score in the community-dwelling setting indicates there were 
insufficient	items	to	discriminate	between	persons	of	higher	functional	ability.	
This	 finding	 is	 corroborated	 in	 Figure	 1,	 Panel	 A,	 which	 visually	 depicts	
insufficient	overlap	between	person	and	item	locations.	With	a	mean	 location	
score near zero, the scale appeared better targeted for the residential care facility 
setting (Figure 1, Panel B). 
Differential item functioning
Several items exhibited DIF in both settings. Non-uniform DIF by gender and 
age was clearly evident for ‘use of incontinence products’ (Figure 2, Panel A, B) 
and	‘financial	management’	in	the	community-dwelling	setting.	Furthermore,	
non-uniform DIF by gender was observed for ‘meal preparation’ (Supplemental 
Figure 1, Panel A). 
 In the residential care facility setting, ‘use of incontinence products’ (Figure 2, 
Panel C) and ‘meal preparation’ was exhibited DIF by gender (Supplemental 
Figure	 1,	 Panel	 B).	 Notably,	 there	 was	 no	 significant	 interaction	 with	 class	
interval, suggesting uniform DIF. ‘Getting up from a chair’ and ‘shopping’ 
exhibited uniform DIF by age whereas ‘walking’ exhibited non-uniform DIF 
by age. 
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Figure 1   Person-item location distribution maps. (A) Person-item location 
distribution in community-dwelling setting. (B) Person-item location 
distribution in residential care facility setting. 
[SD, standard deviation]
A
B
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Figure 2   Item characteristic curves (ICC) for ADL item ‘‘use of incontinence 
products’’	by	gender	and	age	group	to	assess	differential	information	
functioning across residential settings. (A) ICC Community-dwelling 
setting by gender, (B) ICC Community-dwelling setting by 3 age groups 
(65-74, 75-84, 85+ years), (C) ICC Residential care facility setting by gender.
[ADL, activities of daily living]
A
B
C
 65-74
 75-84
# 85+
 Male
 Female
 Male
 Female
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Discussion
ADL/IADL scales are often summated to indicate the number of limitations 
experienced by an individual. However, when performing validity studies, 
reviewing only the summation of limitations obscures critical information 
regarding	 varying	 difficulty	 levels	 between	 ADL/IADL	 items.	 Through	
applying a Rasch analysis, we found that the 15-item dichotomous ADL/IADL 
scale	 exhibited	 different	 patterns	 of	 difficulty	 in	 community-dwelling	 and	
residential care facility settings. Our analysis therefore suggests that ADL/
IADL	summary	scores	from	different	residential	settings	should	not	be	directly	
compared/combined and that weighting mechanisms should be explored. 
	 This	finding	is	directly	relevant	for	users	of	TOPICS-MDS,	since	this	large	
data sharing initiative was designed to allow for the possibility of combining 
or	 performing	 comparative	 analyses	 between	 different	 study	 projects.	 This	
analysis	 has	 demonstrated	 that	 even	 if	 analyses	 are	 stratified	 by	 residential	
setting, the same activities are not necessarily rated similarly across settings. 
This further impacts health policy suggestions which may be driven by reported 
levels of limitations. Importantly, this observation is also relevant for researchers 
who	may	be	 interested	 in	comparing	ADL/IADL	data	 from	different	sources.	 
In	the	era	of	“Big	Data”	and	data	sharing,	careful	consideration	of	scale	properties	
are essential prior to performing comparative analyses or merging data. 
	 A	second	important	finding	from	this	study	is	that	the	15-item	ADL/IADL	
scale poorly discriminated between persons with higher ADL/IADL ability in a 
community-dwelling setting, indicating poor content validity. However, this 
finding	does	not	necessarily	suggest	that	more	items	are	required	in	the	scale.	
Rather, discrimination may be improved by providing a wider range of response 
options.32 
	 There	are	several	other	notable	observations.	Whereas	the	overall	fit	of	the	
scale to the Rasch model was acceptable in the residential care facility setting, 
this was not the case for the community-dwelling setting. Speculatively, the 
poor	 fit	 in	 the	 community-dwelling	 sample	may	 be	 attributed	 in	 part	 to	 the	
large sample size or systemic bias in data collection between these two settings. 
Irrespective	of	overall	fit,	at	least	one	individual	item	exhibited	poor	fit	in	both	
settings. In this regard, further work can be performed to enhance adherence to 
the Rasch model. Ideally, this work would be conducted during the development 
phase	 of	 the	 scale	 when	 more	 items	 can	 be	 evaluated	 to	 assess	 fit	 and	
discriminative ability.
	 Despite	ADL	representing	“easier”	activities	to	perform	than	IADL,	we	did	
not	anticipate	 that	all	 six	ADL	items	would	be	 identified	as	 the	easiest	 items.	
Overlap of ADL and IADL has been previously observed, suggesting that 
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combined ADL/IADL scales do not follow a rigid hierarchal pattern.22 
Theoretically, however, the ADL scale alone represents a stricter continuum of 
ability, resulting in the following order of functions from easiest to most 
difficult:	 ‘eating’,	 ‘continence’,	 ‘transferring’	 (e.g.	 getting	 up	 from	 a	 chair),	
‘toileting’,	 ‘dressing’,	 ‘bathing’.	 Gerard	 et	 al.	 has	 previously	 confirmed	 this	
theoretical hierarchy among residents in a skilled nursing facility.14 Our results 
from the residential care facility setting demonstrated hierarchal similarities; 
however,	 ‘use	 of	 incontinence	 products’	 was	 rated	 as	more	 difficult	 than	 all	
other	ADL	items	except	for	‘bathing’.	This	difference	may	be	partly	attributed	to	
variation in data collection methods. For instance, Gerard et al. extracted ADL 
data from a pre-existing dataset, and two separate questions (urinary and fecal 
incontinence) were used to determine use of continence products.14 In contrast, 
in TOPICS-MDS, continence was based on a single, dichotomous question.
 We observed DIF by gender and age for several items in both settings. Since 
DIF may indicate that an instrument has poor internal validity, identifying DIF 
is a critical step in improving measurement and analytical interpretation of 
results.6 Non-uniform DIF often requires the removal of the item from the 
scale33, whereas weighting is an option for uniform DIF. DIF for ADL/IADL 
reporting has been previously observed across gender and age groups17, though 
some discrepancies for age have been noted.20 DIF by gender has been partly 
attributed to historical gender roles. In societies where women have dispropor-
tionately performed domestic responsibilities34, it is unsurprising that 
differential	reporting	by	gender	surfaces	in	the	IADL	item,	‘meal	preparation’.	
Transitioning away from gender-biased ADL/IADL items is one potential 
solution in reducing DIF by gender or, if uniform DIF is present, appropriate 
weightings can also be applied. Underlying mechanisms for DIF by age are not 
always	 clear;	 qualitative	 analyses	 can	 help	 elucidate	 why	 such	 differences	
occur.35	However,	generational	effects	may	play	a	role	in	reporting	differences.	
 Nonetheless, assessing DIF embodies the overarching aim of achieving 
invariance in fundamental measurement.7 Invariance implies that if individuals 
exhibit similar levels of limitations in activities, responses should not depend 
on subgroups completing the scale.36 Further, there is an assumed independence 
between the overall scores and the set of items being assessed as well as 
consistency	 in	 item	difficulty	measures	 across	 sub-populations.36 Violation of 
scale invariance, as observed in our study, jeopardizes group comparisons of 
ADL/IADL summary scores.
 ADL/IADL scales have been routinely used in population surveys for 
decades. Yet, invariance between subgroups is undesirable for a population 
surveillance	instrument.	Adapting	ADL/IADL	scales	for	different	populations	
precludes	standardization	of	core	measures,	and	thus	modified	scales	begin	to	
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represent distinct subgroups of activity status.37 To counter this issue, there has 
been a movement towards supplementing ADL/IADL scales with other physical 
measurements, such as 24-hour activity diaries, gait speed and grip strength.37 
It is important to underscore, however, that these measurements are not patient 
reported	 outcomes,	 thereby	 representing	 a	 fundamentally	different	 construct	
than self-reported activities. Moreover, whereas physical measurements 
potentially	circumvent	issues	of	differential	reporting,	they	have	been	shown	to	
be	influenced	by	setting,	the	assessor’s	level	of	encouragement	and	the	frequency	
of the repetition for the activity.38 Such measurements are also more labor 
intensive and costly relative to a survey instrument. 
 Arguably, physical measures may not be required to improve ADL/IADL 
scales. For instance, the Patient Reported Outcomes Measure Information 
System (PROMIS) has applied IRT to develop item banks for a range of outcomes, 
including physical function.32,39	PROMIS	further	offers	computerized	adaptive	
testing,	a	method	which	reduces	floor	and	ceiling	effects,	quickens	assessment	
time by allowing for the minimum number of relevant scale items and improves 
measurement precision.40 The PROMIS physical function item bank confers 
many advantages when measuring ADL/IADL limitations40 and is particularly 
relevant for community-dwelling older persons who may be less likely to 
require assistance with such activities. Although international validation work 
is	still	in	progress,	initial	findings	from	PROMIS	underscore	the	benefits	of	IRT	
in the re-evaluation of instruments, the development of item banks and the use 
of computer adaptive testing.32,39  
 One limitation of this study is that, to date, there is no universal consensus 
on the thresholds for testing the unidimensionality of a scale. Whereas this 
analysis	 applied	 established	 thresholds	 for	 acceptable	 model	 fit	 (CFI>0.90;	
RMSEA<0.08), more conservative thresholds (CFI>0.95; RMSEA<0.06) have been 
suggested.41 In the residential care setting, the RMSEA (0.067) did slightly 
exceed	this	latter	threshold,	suggesting	a	moderate	fit.	Yet,	in	line	with	previous	
research18,22, the overall analysis generally supported a unidimensional scale in 
both settings, a pre-requisite for performing a Rasch analysis. 
 A second limitation is that the applied ADL/IADL scale may not maintain 
face validity in other residential care settings internationally. IADL comparative 
analyses are not always drawn between community-dwelling and residential 
care settings; however, such analyses maintain relevance in the Netherlands. 
Unlike nursing homes, in Dutch residential care settings, residents are often 
encouraged to perform ADL and IADL. Thus, such older persons would not 
necessarily require professional assistance for ‘walking’ or many of the IADL 
included in the scale (e.g. ‘grooming’, ‘traveling’, ‘using the telephone’, ‘taking 
medications’,	 and	 ‘handling	 finances’).	 Although	 ‘meal	 preparation’	 is	 often	
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performed	by	professional	staff,	nearly	one-third	of	older	persons	residing	in	a	
residential care setting did not report needing assistance with ‘meal preparation’ 
in TOPICS-MDS. This may in part be due to the structure of the question, which 
does not ask whether older persons receive help but rather whether they need 
help. This phrasing was intentional to allow for older persons to report their 
own perceived ability levels. 
	 Nonetheless,	 differences	 in	 item	 difficulty	 persisted	 even	 when	 Rasch	
analyses were restricted to ADL and walking (results available in Supplementary 
Tables	 1	 and	 2).	 Specifically,	 bathing	was	 rated	 as	 an	 easier	 activity	 by	 older	
persons residing in community versus residential care settings. It is important 
to	emphasize	the	reduced	number	of	items	resulted	in	very	poor	fit	to	the	Rasch	
model in the community-dwelling setting. Still, this sensitivity analysis further 
supports	 the	 finding	 of	 this	 study	 that	 ADL	 items	 should	 not	 be	 directly	
compared between residential settings.
 Lastly, although data sharing initiatives provide many opportunities, they 
also pose analytical challenges. This current analysis was based on 41 research 
projects	with	different	study	aims	and	protocols	(see	www.topics-mds.eu for a 
description of individual research projects). Thus, depending on the research 
project design, TOPICS-MDS may have been administered as a written 
questionnaire or an interview. In this analysis, survey mode was mixed in both 
the community-dwelling (written questionnaire: 59.2%; interview: 40.7%) and 
the residential care settings (written questionnaire: 28.0%; interview: 72.0%). 
Survey mode is widely recognized as a potential source of DIF42, though 
reassuringly DIF is not necessarily present for all ADL/IADL items.43 Another 
potential source of bias is whether older persons received assistance in 
completing the questionnaire. In the residential care setting, the vast majority 
of older persons (78.8%) indicated that they themselves chose the response 
rather than a caregiver.   
 Yet, the nature of the dataset is also a major strength of this analysis as well. 
As a large data sharing initiative, TOPICS-MDS is a rich source of information 
to conduct sub-group analyses. Data sources on older persons are often 
restricted to certain sub-populations.17 To the knowledge of the authors, 
previous research has not applied Rasch analyses to compare ADL/IADL 
reporting	across	different	residential	settings.	
 Another strength of this analysis is that we applied a Rasch analysis, a 
well-recognized method to examine the properties of a scale. If model 
assumptions are met, one of the marked advantages of performing a Rasch 
analysis is the ability to generate scale-free measures and consistent item 
difficulties.36 Importantly, although this type of analysis may be described as 
producing	as	sample	independent	item	difficulties,	the	more	appropriate	term	is	
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consistent	difficulties.44 Thus, by performing Rasch analysis, we determined the 
probability of endorsing an ADL or IADL based on individual ability and the 
item	difficulty	as	measured	on the same scale. This is in direct contrast to CTT 
approaches which generate sample dependent results.36 
	 In	conclusion,	participants	from	different	residential	settings	in	TOPICS-MDS	
exhibited	dissimilar	hierarchal	patterns	in	rating	ADL/IADL	difficulty.	Scores	
derived from these settings are not directly comparable and should not be 
combined together. Moreover, this 15-item dichotomous ADL/IADL scale 
lacked appropriate content validity to discriminate between older persons with 
higher ADL/IADL ability. Future adaptations of TOPICS-MDS should consider 
revising the ADL/IADL domain of the survey.
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Supplementary Table 2  Item	fit	statistics	for	six	ADL	items	+	mobility	in	
community-dwelling setting (N=21,926) and residential care facility setting 
(N=2,458), ordered by item location
Item Location SE Fit residual χ2 p-value
Community-dwelling
Eating -2.49 0.06 -1.85 64.14 <0.0001*
Toileting -1.88 0.05 -13.06 188.99 <0.0001*
Getting up from chair -0.22 0.03 -10.85 232.50 <0.0001*
Dressing 0.05 0.03 -21.46 658.17 <0.0001*
Bathing 0.75 0.03 -20.49 848.46 <0.0001*
Walking 1.87 0.02 32.81 1636.74 <0.0001*
Use of incontinence products 1.91 0.02 3.09 266.68 <0.0001*
Residential care facility
Eating -3.35 0.11 -0.43 44.83 <0.0001*
Toileting -1.75 0.08 -5.39 109.52 <0.0001*
Getting up from chair -0.94 0.07 -2.22 60.85 <0.0001*
Dressing 0.57 0.06 -7.20 162.76 <0.0001*
Use of incontinence products 1.50 0.05 7.18 119.40 <0.0001*
Walking 1.93 0.06 1.22 13.24 0.02
Bathing 2.05 0.06 -2.19 99.04 <0.0001*
Abbreviation: ADL, activities of daily living; SE, standard error 
Note:	*Bonferroni	adjusted	significant	level,	0.000667
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Supplemental Figure 1  Item characteristic curves (ICC) for IADL item ‘meal 
preparation	by	gender	to	assess	differential	information	functioning	across	
residential settings. (A) ICC Community-dwelling setting by gender, (B) ICC 
Residential care facility setting by gender. 
[IADL, instrumental activities of daily living]
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To the Editor,
Disparities between outcome data generated from interviews versus written 
questionnaires is a well-recognized phenomenon in health research.1 Such 
disparities may be due to various reasons, such as the drive to give socially 
desirable answers or the fact that respondents may interpret written and spoken 
questions	differently.2 In aging research, scales measuring Activities of Daily 
Living (ADL) and Instrumental Activities of Daily Living (IADL) are no 
exception, with written questionnaires often increasing the likelihood of 
reported ADL and IADL independence.3 
	 Reporting	disparities,	also	referred	to	as	“differential	item	functioning”	(DIF),	
represent a type of measurement bias whereby participant subgroups (e.g. those 
completing	an	interview	versus	a	written	questionnaire)	have	different	probabilities	
of reporting an outcome (e.g. an ADL/IADL item) even when they possess the 
same ability level.4 To examine DIF across survey modes, researchers frequently 
perform a comparative analysis against a reference standard, such as clinical 
assessment. However, in the absence of clinical assessment, alternative statistical 
techniques, such as Rasch analysis, can demonstrate DIF.4 The purpose of our 
study was to assess DIF in self-reported ADL and IADL by survey mode.  
Methods
Data were derived from The Older Persons and Informal Caregivers Minimum 
DataSet (TOPICS-MDS; www.topics-mds.eu), which is a public access dataset 
designed to capture essential health and wellbeing information on older persons 
and informal caregivers in the Netherlands.5	Briefly,	TOPICS-MDS	consists	of	
prospectively	collected	data	and	includes	a	modified	version	of	the	Katz	Index	
of Independence of Activities in Daily Living6, comprising of 15 dichotomous 
ADL and IADL items. Our analysis is based on 1,937 participants aged >65 years 
residing in residential care facilities in the Netherlands with complete data on 
ADL/IADL functioning and survey mode. 
 To assess DIF by survey mode, we applied a Rasch measurement model, 
which assumes that the probability of item endorsement is a logistic function of 
the	relative	distance	between	the	item’s	difficulty	and	the	participant’s	ability.7 
In other words, persons with similar ability levels are more likely to report to 
assistance with similar ADL/IADL (e.g. persons requiring assistance with 
eating also likely require assistance with dressing). Based on this model, we 
performed an ANOVA of the standardized response residuals of each ADL/
IADL	item;	significant	differences	suggest	DIF.7,8	We	visually	confirmed	DIF	by	
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inspecting item characteristic curves by survey mode.7,8 These curves represent 
the probability of reporting an ADL/IADL item based on the ability level of the 
participant	 completing	 the	 scale.	 If	 these	 curves	 follow	 different	 trajectories,	
DIF is present. Analyses were conducted using RUMM2030 (Rumm Laboratory, 
Perth, Western Australia).
Results
Of the 1,937 participants, 1,421 (73.4%) were women. The average age was 85 
years	 (±6	 years),	 ranging	 from	 65	 to	 102	 years.	 Overall,	 1,395	 (72.0%)	 were	
interviewed whereas 542 (28.0%) completed a written questionnaire. Participants 
were most likely to require assistance with household tasks (n=1,729; 89.3%) and 
least likely with eating (n=72; 3.7%).  
 Several ADL/IADL items clearly exhibited DIF by survey mode: use of 
incontinence products, walking and meal preparation (ANOVA results not 
shown). Participants who were interviewed were more likely to report using 
incontinence products than those completing a written questionnaire (Figure 1, 
Panel A). Among participants with lower functional ability (i.e. <0 on the logit 
scale), the probability of reporting assistance with walking was higher among 
those who completed a written questionnaire. This disparity diminished among 
participants with higher functional ability (i.e. >0 on the logit scale; Figure 1, 
Panel B). The converse pattern was observed for meal preparation (Figure 1, 
Panel C).
Discussion
DIF is problematic for health measurement scales, and if serious, requires the 
exclusion of an item. Reassuringly, DIF by survey mode was not present for all 
ADL/IADL items. Nonetheless, meal preparation exhibited DIF by survey mode 
in this study, as well by gender in previous research9; removing this item from 
the	scale	may	be	warranted.	We	are	unable	to	confirm	why	DIF	occurred	for	use	
of incontinence and walking, though speculatively the interaction with the 
interviewer may have prompted contrasting response patterns in participants 
with	different	 functional	 levels.	Researchers	 interested	 in	 the	 construction	or	
refinement	 of	 ADL/IADL	 scales	 should	 consider	 Rasch	 analysis	 to	 identify	
items prone to reporting disparities to guide item selection. 
 Our study demonstrates that reporting disparities by survey mode are 
prominent for certain ADL/IADL items and supports a single data collection 
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Figure 1   Item characteristic curves for select activity of daily living (ADL) or 
instrumental activity of daily living (IADL) ((A) use of incontinence 
products, (B) walking, (C) meal preparation) according to survey mode.
The x-axis (person location) represents participants’ underlying ability based on a standardized logit 
scale, ranging from less functional ability (negative values) to greater functional ability (positive 
values). The y-axis (expected value, possible range 0–1) refers to the probability that participants 
reported	requiring	assistance	with	a	specific	ADL	or	IADL.
A
B
C
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mode.2 However, in aging populations with varying abilities to complete a 
survey, a single data collection mode may not always be realistic. Careful 
consideration of how to treat mixed mode data should be undertaken in the 
analytical phase and may require the use of subgroup analyses or interaction 
terms.2 
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Abstract
Background: As populations age, chronic geriatric conditions linked to progressive 
organ failure jeopardize health-related quality of life (HRQoL). Since the EQ-5D 
is one of the commonest instruments used to measure HRQoL, this study 
assessed the validity and applicability of the EQ-5D in four major chronic 
geriatric conditions: hearing issues, joint damage, urinary incontinence, or 
dizziness with falls. Outcomes were compared to the overall study population 
as well as a ‘healthy’ subgroup reporting no major chronic conditions. 
Methods: Data on 25,637 community-dwelling persons aged 65 years and older 
were derived from the Dutch public access data repository, The Older Persons and 
Informal Caregivers Survey Minimum DataSet (TOPICS-MDS, www.topics-mds.eu). 
Floor	and	ceiling	effects	were	examined.	To	assess	convergent	validity,	random	
effects	 meta-correlations	 (Spearman’s	 rho)	 were	 derived	 between	 individual	
EQ-5D domains and related survey items. To further examine construct validity, 
the association between sociodemographic characteristics and EQ-5D summary 
scores were assessed using linear mixed models.
Results:	Whereas	ceiling	effects	were	observed	in	the	overall	study	population	
and the ‘healthy’ subgroup, such was not the case in geriatric condition 
subgroups. Most hypotheses regarding associations between EQ-5D item scores 
and related constructs and between EQ-5D summary scores and sociodemo-
graphic characteristics were supported. Strong correlations were observed 
between	 the	 EQ-5D	 self-care	 item	 and	 the	 Katz	 Index	 bathing	 and	 dressing	
items as well as between the EQ-5D anxiety/depression item and the Rand-36 
mental health sub-scale summary score. Moderate correlations were observed 
between the EQ-5D summary and general quality of life scores. EQ-5D 
summary scores were lower in respondents who were older, female, widowed/
single, lower educated, and living alone. Increasing co-morbidity had a clear 
negative	effect	on	EQ-5D	scores.	
Conclusion: This study supported the construct validity of the EQ-5D across 
four major geriatric conditions. For older persons who are generally healthy, i.e. 
reporting few to no chronic conditions, the EQ-5D confers poor discriminative 
ability	due	 to	 ceiling	 effects.	Although	 the	overall	dataset	 initially	 suggested	
poor discriminative ability for the EQ-5D, such was not the case within 
subgroups presenting with major geriatric conditions.
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Introduction
Medicine is transitioning away from the traditional single disease model which 
often dichotomizes health as the presence or absence of disease. Rather, to 
encompass	 the	 far-reaching	 effects	 of	morbidity,	 global	measures	 of	 health,	 such	 
as health-related quality of life (HRQoL), are now viewed as critical outcomes in 
contemporary medical research.1 HRQoL is a subjective, multidimensional 
concept which incorporates physical, psychological, and social wellbeing. 
Numerous instruments have been designed to measure HRQoL.2 Some subgroups 
of individuals, such as cancer patients3, have their own HRQoL instruments 
whereas others are intended for general use.2 The EQ-5D falls under this latter 
category and is one of the commonest instruments used to measure HRQoL. 
The EQ-5D was developed by an international task force to permit a quick 
assessment	of	an	individual’s	overall	health	status	across	five	domains:	mobility,	
self-care, usual activities, pain/discomfort, and anxiety/depression.4 The EQ-5D 
can	be	used	to	generate	a	descriptive	profile	as	well	as	a	preference-weighted	
summary score.4  
 Although the broad scope and simplicity of the EQ-5D have made it a widely 
accessible	 instrument,	 these	characteristics	have	also	elicited	ceiling	effects	 in	
data collection.5-7 Thus, a prevailing concern is that the relatively few dimensions 
may lack the necessary level of responsiveness and discriminative ability to 
detect health changes for certain health conditions.8 Numerous studies have 
therefore investigated measurement properties of the EQ-5D across a wide range 
of morbidity subgroups.7,9,10 Although construct validity is usually maintained, 
there	 have	 been	 observed	 differences	 in	 the	 instrument’s	 performance.	 For	
instance, the EQ-5D was more responsive in persons with urinary incontinence 
11 than in persons with hearing impairment.12
 Still, there remains a fundamental need to re-evaluate measurement properties 
of	the	EQ-5D	in	different	study	populations.	Although	previous	validation	work	
gives credence to the robustness of EQ-5D, the instrument itself is never truly 
‘valid’. Rather, validity is a characteristic of a study population13; measurement 
properties are thus intrinsically linked to the target sample (e.g. community- 
dwelling older persons), the country of the study, how subgroups of interest 
were	 identified,	 and	 other	 defining	 characteristics	 of	 the	 study	 population.	 
For this reason, preliminary validation of the instrument is necessary prior 
to in-depth analyses. Moreover, in older persons’ research, there is also a clear 
benefit	 to	 focus	 on	 the	 instrument’s	 performance	 across	 geriatric	 conditions,	 
i.e. acute or chronic conditions in older persons stemming from multifactorial 
causes.14 As populations age, chronic geriatric conditions linked to progressive 
organ failure are of particular interest since they place a growing demand 
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on health care services and further jeopardize health-related quality of life 
(HRQoL). 
 Since the EQ-5D is one of the commonest instruments used to measure 
HRQoL, the primary aim of this study was to assess the validity and applicability 
of the EQ-5D in four major chronic geriatric conditions: hearing issues, joint 
damage, urinary incontinence, or dizziness with falls. These conditions were 
among the most frequently reported conditions in the dataset under review and 
in general are prevalent in older populations. Whereas a substantial number of 
studies have examined singular conditions, we complement previous research 
by further evaluating the measurement properties of these subgroups against 
the overall study population as well as a ‘healthy’ subgroup reporting no major 
chronic	conditions.	For	the	purposes	of	this	study,	we	assessed	floor	and	ceiling	
effects	and	construct	validity.	
Methods
Data source
Data were derived from The Older Persons and Informal Caregivers Survey 
Minimum DataSet (TOPICS-MDS), which is a public access data repository 
designed to capture essential information on the physical and mental wellbeing 
of older persons and informal caregivers in the Netherlands. A detailed 
description of TOPICS-MDS has been presented elsewhere (www.topics-mds.
eu).15	Briefly,	the	Dutch	National	Care	for	the	Elderly	Programme	(http://www.
nationaalprogrammaouderenzorg.nl) was established in 2008 to promote 
proactive, integrated health care for older persons with complex care needs. As 
part of this national agenda, TOPICS-MDS was developed to prospectively 
collect uniform information from all research projects funded under the 
programme. Thus, TOPICS-MDS consists of pooled data from various research 
projects	which	differ	across	study	design,	sampling	framework,	and	inclusion	
criteria. All data were cleaned locally using a standardized protocol. 
Anonymized individual-level data were then submitted to a central institution 
(Radboud University Medical Center, Nijmegen, Netherlands) for further 
validation checks and creation of the pooled dataset. Since various research 
projects submit information to TOPICS-MDS, the database is dynamic in nature 
and may be updated with new observations. Our present analysis is based on 
the second version of the database (available as of May 2015). TOPICS-MDS is a 
fully anonymized dataset available for public access, and therefore this analysis 
was exempt from ethical review (Radboud University Medical Centre Ethical 
Committee review reference number: CMO: 2012/120).
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Population
TOPICS-MDS includes studies which sampled from institutionalized (nursing 
homes and residential care facilities) and non-institutionalized settings. For the 
purposes of this study, analyses were based on community-dwelling older 
persons aged 65 years and older. Since sampling strategies varied across study 
protocols, older persons were sampled from primary care centers, hospital 
settings, or the general population.
Variables
The	EQ-5D	assesses	five	dimensions	(mobility,	self-care,	usual	activities,	pain/
discomfort, anxiety/depression) using a three-level response option (1=no problems; 
2=some problems; 3=extreme problems).16 When combined, these scores can describe 
up to 243 (i.e. 35) unique health states, with ‘11111’ and ‘33333’ representing the 
best and worst possible health states respectively. A summary score can also be 
derived	using	a	population-specific	tariff	(weighting);	this	analysis	has	applied	
a	tariff	validated	for	the	Dutch	population.17 An EQ-5D summary score of one 
represents the best imaginable health status whereas a score lower than zero 
represents a health status perceived to be worse than death.
 Morbidity status was self-reported. For the purposes of this study, subgroup 
analyses focused on the four most prevalent geriatric conditions in the database. 
Older persons were asked if they had experienced hearing issues, joint damage 
(defined	 as	 arthrosis	 or	 degenerative	 arthritis	 of	 the	 hips	 or	 knees),	 urinary	
incontinence, or dizziness with falls in the past 12 months. In TOPICS-MDS, 
many respondents reported more than one condition; thus, subgroups were not 
mutually exclusive.  Thirteen other chronic conditions which are regularly 
recorded in the older Dutch population were also assessed.18 Respondents were 
classified	as	‘healthy’	if	they	did	not	report	any	of	the	17	conditions	assessed	in	
TOPICS-MDS. 
 There were several variables of interest for validation purposes. Limitations 
in	 activity	 were	 determined	 using	 a	 modified	 15-item	 Katz	 Index19,20, which 
included Activities of Daily Living (ADL; i.e. bathing, dressing, toileting, use of 
incontinence products, transferring, and eating), Instrumental Activities of 
Daily Living (IADL; i.e. grooming, use of a telephone, travelling, grocery 
shopping,	meal	preparation,	household	tasks,	taking	medication,	and	financial	
management) and an additional indicator for mobility (i.e. walking). Response 
options were dichotomized as ‘requires assistance’ or ‘does not require 
assistance’. An IADL summary score was summated, ranging from zero to 
eight, with higher scores representing greater limitations in activities. Emotional 
wellbeing was evaluated using the Rand-36 mental health sub-scale.21 This scale 
asked how often in the past four weeks an individual has felt: very nervous; 
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calm and peaceful; down-hearted and blue; happy; so down in the dumps 
nothing	could	cheer	[him/her]	up.	A	five-level	response	option	was	presented	
ranging from ‘never’ to ‘always’. Positive items were scored from zero to 100 
whereas negative items were reverse scored. A summary score ranged zero and 
100 with higher scores implying a more positive emotional state. Self-perceived 
general	 quality	 of	 life	was	 assessed	with	 a	modified	version	 of	Cantril’s	 Self	
Anchoring Ladder.22 Older persons were asked to rate their present life on a 
scale	 between	 zero	 (completely	 unsatisfied	 with	 life)	 and	 ten	 (completely	
satisfied	with	life).
Statistical analysis
Given that TOPICS-MDS is a pooled dataset, subsequent analyses were derived 
using a one-step individual patient data meta-analysis.23 Demographic charac-
teristics of the study population were assessed. Distributional properties were 
derived for individual EQ-5D items. The mean (standard deviation), range and 
floor	and	ceiling	effects	for	the	EQ-5D	summary	score	were	further	derived.	To	
date,	 there	 is	 no	 general	 consensus	 for	 floor	 and	 ceiling	 effects;	 thus,	 these	
effects	were	considered	to	be	present	if	at	 least	15%	of	older	persons	reported	
either the lowest scores (health state ‘33333’, i.e. weighted score -0.33) or highest 
scores (health state ‘11111’, i.e. weighted score 1.0).24 
	 To	assess	convergent	validity,	random	effects	meta-correlations	(Spearman’s	
rho) were derived using the meta package in R to allow for heterogeneity 
between individual studies in the pooled dataset.25 The EQ-5D mobility item 
was	 correlated	 with	 Katz	 Index	 item,	 ‘assistance	 with	 walking’.	 The	 EQ-5D	
self-care	item	was	correlated	with	two	ADL	items	from	the	Katz	Index,	bathing	
and dressing. The EQ-5D usual activities item was correlated with the summary 
IADL score. The anxiety/depression item was correlated with the Rand-36 
mental health sub-scale summary score. Lastly, the EQ-5D summary score was 
correlated with a general quality of life score (Cantril’s Self Anchoring Ladder). 
Correlation	 coefficients	 were	 classified	 as	 trivial	 (<0.1), weak (0.1 to <0.3), 
moderate (0.3 to <0.5), strong (0.5 to <0.7), very strong (>0.7).26 A strong to very 
strong, positive correlation was hypothesized between the EQ-5D mobility, 
self-care,	usual	activities	 items	and	the	Katz	walking	item,	the	Katz	bathing/
dressing	items	and	the	Katz	IADL	summary	score	respectively.	A	moderate	to	
strong, negative correlation was anticipated between the EQ-5D anxiety/
depression item and the Rand-36 mental health sub-scale summary score. The 
general quality of life score based on Cantril’s Self Anchoring Ladder is a broad 
evaluative	measure	whereas	the	EQ-5D	summary	score	reflects	HRQoL.	Given	
this conceptual distinction, a moderate positive correlation was hypothesized 
between these scores.   
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To	 further	 examine	 construct	 validity	 and	 to	 allow	 for	 clustering	 effects	 by	
individual research projects, linear mixed models were performed by regressing 
the EQ-5D summary score on key demographic variables in the overall study 
population as well as within subgroups. Variables included age, sex, marital 
status, educational level, living arrangement (i.e. alone or with others), and 
morbidity status. HRQoL was hypothesized to be lower in respondents who 
were older27,	widowed	or	 single	 (defined	as	unmarried	or	divorced)28,29, lower 
educated27, and living alone.30 Moreover, women were expected to report lower 
overall HRQoL29, and in particular to report higher anxiety and/or depression.27 
Multimorbidity	was	anticipated	to	have	a	strong,	negative	effect	on	HRQoL.31,32 
Associations were examined in unadjusted models as well as models adjusted 
for age and sex. All statistical analyses were carried out using SPSS (Version 
21.0. Armonk, NY, USA: IBM Corp) and R (2013: Vienna, Austria). 
Results
Data were extracted on 25,637 community-dwelling persons aged 65 years and 
older from 32 research projects. Most were sampled from primary care centers 
(69.3%, n=17,777), followed by hospital settings (20.6%, n=5,294) and the general 
population (10.0%, n=2,566). From the overall study population, nearly three- 
quarters (73.3%, n=18,791) reported at least one of the four geriatric conditions 
under	 review	 and	 8.9%	 (n=2,275)	were	 classified	 as	 ‘healthy’,	 i.e.	 reported	 no	
morbidities. 
	 Sociodemographic	 characteristics	 differed	 across	 subgroups	 (Table	 1).	
Respondents comprising the ‘healthy’ subgroup were more likely to be younger, 
married, higher educated, and reside with others. These respondents reported 
the highest psychological wellbeing and general quality of life scores. Whereas 
the average age was broadly similar across geriatric condition subgroups, there 
were	observable	differences	in	the	distributions	of	sex	and	marital	status.	Nearly	
half of respondents in the hearing issues subgroup were male compared to 
one-quarter in the urinary incontinence subgroup. Respondents in the urinary 
incontinence	 group	were	 the	most	 likely	 to	 be	widowed.	 Based	 on	 the	 Katz	
Index, assistance needed for bathing was disproportionately higher in the 
urinary incontinence and dizziness with falls subgroups; the median number of 
reports limitations in IADL was also higher in these subgroups. Respondents in 
the dizziness with falls subgroup reported the lowest scores for psychological 
wellbeing and general quality of life.
	 In	the	overall	study	population,	there	was	a	clear	ceiling	effect,	with	nearly	
one	in	five	respondents	(19.2%)	reporting	optimal	HRQoL	(i.e.	an	EQ-5D	score	of	
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‘11111’)	(Table	2).	This	effect	was	driven,	in	part,	by	respondents	in	the	‘healthy’	
subgroup. These respondents were the least likely to report any problems across 
the	 five	 EQ-5D	 dimensions,	 and	 more	 than	 half	 (57.5%)	 reported	 optimal	
HRQoL. 
Table 1   Sociodemographic characteristics of community-dwelling older 
persons aged 65 years and older, TOPICS-MDS, 2015
Overall 
sample
N=25,637
Healthya
N=2,275
Hearing 
issues
N=9,762
Joint 
damageb
N=11,903
Urinary 
incontinence
N=5,932
Dizziness 
with falls
N=4,273
Age [mean (SD)] 78 (6) 75 (5) 80 (6) 78 (6) 79 (6) 79 (6)
Sex
  Men 41.7 49.2 46.1 29.9 25.0 34.9
  Women 58.3 50.8 53.9 70.1 75.0 65.1
Marital status
  Married/cohabiting 53.9 63.7 51.8 48.0 42.9 44.7
  Widowed 35.6 26.5 38.8 40.8 45.9 44.0
  Single/divorced 10.5 9.8 9.3 11.2 11.2 11.3
Educational level
  Primary 31.7 24.1 33.1 34.5 37.2 37.8
  Secondary 49.2 51.6 47.6 48.9 47.5 46.2
  College/Some 
college
19.1 24.3 19.3 16.6 15.4 16.0
Living arrangements
  Lives alone 44.9 34.7 46.8 50.8 54.9 54.0
  Lives with others 55.1 65.3 53.2 49.2 45.1 46.0
Morbidity
   Hearing issues 39.3 -- 100 42.2 47.0 51.0
   Joint damage 48.5 -- 52.2 100 61.9 59.8
   Urinary 
incontinence
24.0 -- 29.0 31.1 100 37.4
   Dizziness with falls 17.3 -- 22.5 21.3 26.6 100
Other co-morbiditiesc 
   None 21.7 -- 15.7 16.2 12.2 10.6
   One 31.0 -- 28.4 28.6 25.8 23.2
   Two 24.0 -- 26.1 24.8 25.8 25.6
   Three or more 23.4 -- 29.8 30.3 36.3 40.7
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Relative to the joint damage, urinary incontinence and dizziness with falls 
subgroups, respondents in the hearing issues subgroup were the least likely to 
report	any	problems	across	the	five	dimensions.	Yet,	despite	a	higher	proportion	
of respondents in the hearing issues subgroup reporting optimal HRQoL, a 
ceiling	 effect	 was	 not	 observed.	 Irrespective	 of	 the	 subgroup,	 very	 few	
respondents (<1%) reported the worst imaginable health state (i.e. an EQ-5D 
score of ‘33333’). 
	 Differences	 in	 population	 size	 and	 reporting	 levels	 across	 individual	
dimensions	of	the	EQ-5D	attributed	to	differences	in	the	number	of	observed	
health	 states	 (defined	 as	 the	 concatenation	 of	 domain	 scores).	 In	 the	 overall	
study population, 213 out of the 243 potential health states were represented. 
One	 hundred	 ninety-one	 profiles	 were	 represented	 in	 the	 hearing	 issues	
subgroup, 194 in the joint damage subgroup, 190 in the urinary incontinence 
subgroup, and 169 in the dizziness with falls subgroup. In the ‘healthy’ 
Table 1   Continued
Overall 
sample
N=25,637
Healthya
N=2,275
Hearing 
issues
N=9,762
Joint 
damageb
N=11,903
Urinary 
incontinence
N=5,932
Dizziness 
with falls
N=4,273
Requires assistanced 
   Bathing 15.6 4.1 17.0 19.0 25.4 25.4
   Dressing 11.6 3.0 2.6 2.8 4.1 4.3
   Walking 25.8 6.8 29.8 34.6 39.9 42.8
IADL scored 
 [median (IQR)]
1 (2) 0 (0) 1 (3) 1 (3) 2 (2) 2 (2)
Psychological 
wellbeinge  
[mean (SD)]
74.2  
(18.0)
83.5  
(14.0)
72.8  
(17.9)
71.3  
(18.3)
69.3 
(18.7)
65.9 
(19.5)
General quality of 
lifef [mean (SD)]
7.4 
(1.3)
8.0 
(1.0)
7.2 
(1.3)
7.2 
(1.3)
7.0 
(1.3)
6.9 
(1.4)
Note:	 Percentages	 are	 presented	 unless	 other	 specified.	 Abbreviations: IADL, Instrumental 
Activities of Daily Living; IQR, interquartile range.
a Reported having none of the 17 recorded chronic conditions.
b Defined	as	arthrosis	or	degenerative	arthritis	of	the	hips	and/or	knees.
c  Included self-reported diabetes, cerebrovascular events, heart failure, cancer, airway disease, 
osteoporosis, bone fractures, depression, anxiety, dementia, or vision problems.
d  Modified	Katz	Index	of	Independence	in	Activities	of	Daily	Living.	IADL	score	ranges	from	zero	
to eight limitations.
e  Rand mental health subscale (Range 0-100; higher scores represent a more positive emotional state).
f  Cantril’s Self Anchoring Ladder (Range 0-10; higher scores represent higher perceived quality of life).
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Table 2   Distributional properties of the EQ-5D summary score and 
individual dimensions
Overall 
sample
N=25,637
Healthya
N=2,275
Hearing 
issues
N=9,762
Joint 
damageb
N=11,903
Urinary 
incontinence
N=5,932
Dizziness 
with falls
N=4,273
EQ-5D dimensions
Mobility
   No problems 39.0 77.4 33.1 22.5 22.0 23.2
   Slight problems 57.4 21.8 63.8 73.1 72.7 73.1
   Extreme 
problems
3.6 0.8 3.0 4.4 5.2 3.7
Self-care
   No problems 79.2 94.9 76.8 73.6 67.2 67.2
   Slight problems 15.7 3.8 18.1 20.4 23.6 24.4
   Extreme 
problems
5.1 1.3 5.1 6.0 9.2 8.4
Usual activities
   No problems 56.4 86.8 52.3 45.2 41.5 41.4
   Slight problems 34.2 10.2 38.4 43.6 45.2 45.0
   Extreme 
problems
9.3 3.0 9.3 11.2 13.3 13.5
Pain/Discomfort
   No problems 37.4 71.2 34.3 20.3 25.2 23.6
   Slight problems 53.5 27.0 55.7 66.1 60.3 60.1
   Extreme 
problems
9.2 1.8 10.0 13.6 14.5 16.2
Anxiety/Depression 
   No problems 75.3 91.3 72.7 70.7 65.0 60.3
   Slight problems 22.4 8.4 25.0 26.5 30.8 34.3
   Extreme 
problems
2.3 0.3 2.4 2.8 4.2 5.4
EQ-5D summary score
   Mean (SD) 0.72 (0.26) 0.90 (0.16) 0.71 (0.26) 0.65 (0.26) 0.63 (0.28) 0.61 (0.29)
   Range -0.33, 1.00 -0.18, 1.00 -0.33, 1.00 -0.33, 1.00 -0.33, 1.00 -0.33, 1.00
   Floor (%) <1.0 0 <1.0 <1.0 <1.0 <1.0
   Ceiling (%) 19.2 57.5 14.1 6.3 7.3 6.8
Note:	Percentages	are	presented	unless	other	specified 
a Reported having none of the 17 recorded chronic conditions recorded. 
b Defined	as	arthrosis	or	degenerative	arthritis	of	the	hips	and/or	knees.
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subgroup,	76	different	health	profiles	were	observed.	Optimal	HRQoL	was	the	
most frequently reported health state in the overall study population (19.2%) as 
well as in the ‘healthy’ (57.5%) and hearing issues (14.9%) subgroups (Table 3). In 
contrast,	the	most	frequently	reported	profile	in	the	joint	damage	subgroup	was	
“some	issues”	with	mobility	and	pain/discomfort	and	“no	issues”	with	self-care,	
usual activities or anxiety/depression (13.8%). The urinary incontinence and 
dizziness with falls subgroups mirrored the joint damage subgroup, with the 
exception	 of	 reporting	 “some	 issues”	 for	 usual	 activities	 (10.5%	 and	 9.4%	
respectively).
	 The	EQ-5D	mobility	and	Katz	walking	items	were	moderately	correlated	in	
all	subgroups	(Table	4).	The	EQ-5D	self-care	item	and	Katz	bathing	and	dressing	
items were very strongly correlated in the ‘healthy’ subgroup and strongly 
correlated in the geriatric conditions subgroups. A strong correlation was 
observed	between	the	EQ-5D	usual	activities	item	and	the	Katz	IADL	summary	
score in all subgroups except for the dizziness with falls subgroup. In the 
Table 3   Ten most frequently reported EQ-5D health statesa
Overall 
sample
N=25,637
Profile (%)
Healthyb
N=2,275
Profile (%)
Hearing 
issues
N=9,762
Profile (%)
Joint damagec
N=11,903
Profile (%)
Urinary 
incontinence
N=5,932
Profile (%)
Dizziness 
with falls
N=4,273
Profile (%)
11111 (19.2) 11111 (57.5) 11111 (14.9) 21121 (13.8) 21221 (10.5) 21221 (9.4)
21121 (10.4) 11121 (11.6) 21121 (10.7) 21221 (12.9) 21121 (9.5) 21121 (9.1)
21221 (9.1) 21111 (5.2) 21221 (9.7) 11121 (7.5) 11111 (7.3) 11111 (6.8)
11121 (8.8) 21121 (5.1) 11121 (7.6) 21222 (6.5) 21222 (6.6) 21222 (6.8)
21111 (5.2) 21221 (2.6) 21111 (5.7) 11111 (6.3) 11121 (5.6) 11121 (6.0)
21222 (4.5) 11112 (2.3) 21222 (5.0) 22221 (4.3) 22221 (4.7) 22222 (4.5)
22221 (3.1) 11122 (1.7) 22221 (3.8) 21111 (3.9) 21111 (4.2) 21111 (3.9)
21122 (2.8) 21211 (1.4) 21122 (3.1) 21122 (3.8) 22222 (3.9) 21122 (3.7)
21211 (2.4) 11211 (1.4) 21211 (3.0) 22222 (2.9) 21122 (3.7) 22221 (3.7)
22222 (2.1) 11221 (1.1) 22222 (2.5) 21211 (1.9) 21211 (2.5) 21211 (2.1)
a  Digits	 one	 through	 five	 represent	 respectively:	 Mobility;	 Self-care;	 Usual	 activities;	 Pain/
Discomfort; Anxiety/Depression; ‘1’ indicates ‘no problems’, ‘2’ indicates ‘some problems’, and 
‘3’ indicates ‘extreme problems’ with domain. 
b  Reported having none of the recorded 17 chronic conditions.
c		Defined	as	arthrosis	or	degenerative	arthritis	of	the	hips	and/or	knees.
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‘healthy’ subgroup, a moderate correlation was observed between the EQ-5D 
anxiety/depression item and psychological well-being (as measured by the 
Rand-36 mental health subscale score) and a weak correlation was observed 
between the EQ-5D summary score and a general quality of life score (as 
measured	by	Cantril’s	Self-anchoring	Ladder).	This	differed	from	the	geriatric	
condition subgroups which demonstrated strong and moderate correlations for 
these respective measures.
Table 4   Random	effects	meta-correlation	coefficient	(Spearman’s	rho)	
between EQ-5D select dimensions/summary score and related 
survey items
Overall 
sample
N=25,637
ρ	(95%	CI)
Healthya
N=2,275
ρ	(95%	CI)
Hearing 
issues
N=9,762
ρ	(95%	CI)
Joint 
damageb
N=11,903
ρ	(95%	CI)
Urinary 
incontinence
N=5,932
ρ	(95%	CI)
Dizziness 
with falls
N=4,273
ρ	(95%	CI)
Mobility and
Katz	mobility	
item ‘Walking’
0.39 
(0.35, 0.43)
0.46 
(0.39, 0.53)
0.38 
(0.33, 0.42)
0.33 
(0.29, 0.37)
0.35 
(0.31, 0.39)
0.38 
(0.31, 0.44)
Self-care and
Katz	ADL	item	
‘Bathing’
0.68
(0.65, 0.71)
0.83 
(0.73, 0.89)
0.67 
(0.63, 0.70)
0.64 
(0.61, 0.68)
0.69 
(0.64, 0.73)
0.68 
(0.64, 0.71)
Self-care and 
Katz	ADL	item	
‘Dressing’
0.61 
(0.57, 0.64)
0.80 
(0.69, 0.88)
0.59 
(0.55, 0.62)
0.57 
(0.53, 0.61)
0.61 
(0.57, 0.64)
0.61 
(0.57, 0.65)
Usual Activities 
and IADL 
summary score
0.51
(0.47, 0.55)
0.55 
(0.41, 0.66)
0.51 
(0.47, 0.55)
0.51 
(0.46, 0.55)
0.51 
(0.46, 0.55)
0.47 
(0.43, 0.52)
Anxiety/
Depression and 
Psychological 
wellbeingc
-0.52
(-0.55, -0.49)
 -0.36 
(-0.42, -0.29)
-0.52 
(-0.56, -0.48)
-0.53 
(-0.57, -0.50)
-0.55 
(-0.59, -0.52)
-0.58 
(-0.62, -0.54)
EQ-5D 
summary score 
and General 
quality of life 
scored
0.40 
(0.35, 0.45)
0.28 
(0.19, 0.37)
0.38 
(0.34, 0.43)
0.38 
(0.32, 0.43)
0.39 
(0.34, 0.43)
0.40 
(0.34, 0.47)
Abbreviations: IADL, Instrumental Activities of Daily Living; ADL, Activities of Daily Living
a  Reported having none of the 17 chronic conditions recorded in The Older Persons and Informal 
Caregivers Survey.
b  Defined	as	arthrosis	or	degenerative	arthritis	of	the	hips	and/or	knees.
c  Based on the Rand mental health subscale.
d  Based on Cantril’s Self Anchoring Ladder.
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 In the overall study population, the average EQ-5D summary score was 
higher in respondents who were younger, male, married, more highly educated, 
and residing with others (Table 5). A clear gradient was observed by co-morbidity 
status, with fewer co-morbidities resulting in improved HRQoL scores. When 
adjusted for age and sex, associations were broadly similar to the unadjusted 
model. Similar patterns were observed across subgroups in the unadjusted and 
adjusted models (Supplemental Tables 1 and 2).
Table 5   Unadjusted and adjusted EQ-5D summary scores for the overall 
population (N=25,637)
Unadjusted Adjusted for age 
and sexb
Age
   Mean agea 0.69 (0.66, 0.73) --
   Per additional year -0.003 (-0.003, -0.002) --
Sex
  Men (reference) 0.73 (0.70, 0.77) --
  Women -0.06 (-0.07, -0.06) --
Marital status
  Married/cohabiting (reference) 0.71 (0.68, 0.74) 0.73 (0.70, 0.77)
  Widowed -0.03 (-0.04, -0.03) -0.0001 (-0.01, 0.01)
  Single/divorced -0.03 (-0.04, -0.02) -0.01 (-0.02, -0.002)
Educational level
  Primary -0.03 (-0.04, -0.02) -0.02 (-0.03, -0.02)
  Secondary (reference) 0.70 (0.67, 0.74) 0.73 (0.70, 0.76)
  College/Some college 0.03 (0.02, 0.04) 0.02 (0.01, 0.03)
Living arrangements
  Lives alone -0.03 (-0.03, -0.02) -0.002 (-0.01, 0.005)
  Lives with others (reference) 0.71 (0.67, 0.74) 0.73 (0.70, 0.76)
Hearing issues
   Yes (reference) 0.67 (0.65, 0.71) 0.72 (0.68, 0.75)
   No 0.03 (0.02, 0.03) 0.02 (0.02, 0.03)
Joint damagec
   Yes (reference) 0.63 (0.60, 0.67) 0.66 (0.63, 0.69)
   No 0.12 (0.11, 0.12) 0.11 (0.10, 0.11)
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Discussion
This study examined the measurement of properties of the EQ-5D across four 
major geriatric subgroups and supports its validity in the context of 
TOPICS-MDS.	Although	the	overall	study	population	suggests	a	ceiling	effect	in	
the EQ-5D, this was driven, in part, by a ‘healthy’ subpopulation imbedded 
with the database. When consideration was given to major geriatric conditions 
(in	 essence,	 as	 different	 index	 conditions)	 the	 EQ-5D	 was	 found	 to	 confer	
adequate discriminative ability. Reassuringly, the majority of hypotheses 
regarding correlations between survey items and sociodemographic character-
istics were supported, suggesting that construct validity was maintained. 
Strong correlations were observed between the EQ-5D self-care item and the 
Katz	Index	items	for	bathing	and	dressing	as	well	as	between	the	EQ-5D	usual	
activities	item	and	the	Katz	IADL	summary	score.	Strong	correlations	were	also	
observed between the EQ-5D anxiety/depression item and the Rand-36 mental 
Table 5   Continued
Unadjusted Adjusted for age and 
sexb
Urinary incontinence
   Yes (reference) 0.62 (0.58, 0.65) 0.66 (0.62, 0.69)
   No 0.10 (0.10, 0.11) 0.09 (0.08, 0.10)
Dizziness with falls
   Yes (reference) 0.59 (0.56, 0.62) 0.63 (0.60, 0.66)
   No 0.13 (0.12, 0.13) 0.12 (0.11, 0.13)
Other co-morbiditiesd
   One co-morbidity 0.20 (0.19, 0.21) 0.19 (0.18, 0.20)
   Two co-morbidities 0.15 (0.14, 0.15) 0.15 (0.14, 0.15)
   Three co-morbidities 0.10 (0.09, 0.11) 0.10 (0.09, 0.11)
   Four or more co-morbidities 
(reference) 
0.59 (0.56, 0.62) 0.63 (0.60, 0.66)
a  Mean age was 78 years.
b  References are based on men and the centered mean age for healthy/morbidity subgroups. 
c  Defined	as	arthrosis	or	degenerative	arthritis	of	the	hips	and/or	knees.
d  Included self-reported diabetes, cerebrovascular events, heart failure, cancer, airway disease, 
osteoporosis, bone fractures, depression, anxiety, dementia, or vision problems.
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health sub-scale summary score. Moderate correlations were observed between 
the EQ-5D summary and general quality of life scores for the overall study 
population as well as across morbidity subgroups. Furthermore, EQ-5D scores 
were lower in respondents who were older, female, widowed/single, lower 
educated,	and	living	alone.	Increasing	co-morbidity	had	a	clear	negative	effect	
on EQ-5D scores. 
 However, there were several notable observations regarding the instrument’s 
performance. Previous research has reported the weak performance of the 
EQ-5D in older persons with hearing issues33 and has suggested that the Health 
Utility Index Mark III (HUI3) possessed better discriminatory ability for HRQoL 
reporting in this subgroup.33,34	Although	a	borderline	ceiling	effect	was	observed	
in this study, arguably, the EQ-5D still provided an adequate measure of HRQoL 
in this subgroup. To further test the robustness of the EQ-5D in older persons 
with hearing issues, future research would ideally assess the responsiveness of 
the instrument in the context of TOPICS-MDS.  
	 Since	 the	presence	of	ceiling	effects	 is	a	well-recognized	 limitation	of	 the	
EQ-5D, it was unsurprising that this instrument lacked discriminative ability 
for ‘healthy’ older persons. However, it is important to emphasize that the 
database contains relatively few respondents who fall into this category (<10%). 
Most older persons reported multiple conditions, and for these respondents, the 
EQ-5D provides a suitable assessment to discriminate HRQoL.
 There were several cases where convergent validity deviated from a priori 
hypotheses. In all subgroups, only moderate correlations were observed 
between	the	EQ-5D	mobility	item	and	the	Katz	walking	item.	In	the	dizziness	
with falls subgroup, there was only a moderate correlation between the EQ-5D 
usual activities item and the IADL summary score. In the ‘healthy’ subgroup, a 
weak correlation was observed between the EQ-5D summary score and the 
general	 quality	 of	 life	 score.	 It	 is	 uncertain	 why	 these	 findings	 arose.	
Speculatively,	the	Katz	walking	item	may	lack	sufficient	detail	for	older	persons	
with multimorbidity. Whereas some may argue that that the EQ-5D usual 
activities	domain	and	the	IADL	summary	score	represent	conceptually	different	
constructs, it remains unclear why the strength of the correlation would only be 
affected	 in	 the	 dizziness	 in	 falls	 subgroup.	 In	 the	 healthy	 subgroup,	 ceiling	
effects	likely	attenuated	the	correlation	between	the	EQ-5D	summary	score	and	
the general quality of life score (i.e. Cantril’s Self Anchoring Ladder). 
 Several limitations must be noted. Firstly, data on geriatric conditions were 
self-reported posing the risk of reporting bias. Underreporting of hearing loss35 
and urinary incontinence36 in older persons is a well-known phenomenon and 
may be partly attributed to social embarrassment. Furthermore, there are 
knowledge gaps in older persons’ understanding of urinary incontinence37; 
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involuntary loss of urine during physical exertion or laughing is not always 
recognized as a form of incontinence. For these reasons, it is likely that these 
two conditions were underreported in our study. Whereas older persons may 
not always report dizziness to their health care providers38, this does not 
necessarily indicate that this item would be underreported in this survey. 
Similarly, joint damage is less prone to reporting bias.39 Nonetheless, in the 
absence of complementary clinical data, the magnitude of reporting bias for 
each of these conditions could not be discerned.  
 Secondly, data on geriatric conditions were only reported in the broadest 
sense,	i.e.	presence	or	absence	of	the	condition.	This	lack	of	specificity	precluded	
the	examination	of	known-group	validity	between	respondents	with	differing	
severity levels. However, this limitation is not distinct to TOPICS-MDS; many 
general health surveys are not inherently designed to extract detailed 
information	on	specific	conditions.	Similar	to	these	surveys,	TOPICS-MDS	was	
designed to provide a more global perspective of health and wellbeing status. 
In this regard, it is also important to emphasize that TOPICS-MDS only captures 
information on 17 chronic conditions common in older populations. A substantial 
proportion	of	 older	persons	 classified	as	 ‘healthy’	did	not	 report	 optimal	health-	
related quality of life, and thus, the ‘healthy’ subgroup may have had acute or 
chronic conditions not captured in this survey. Nonetheless, this subgroup did 
report higher HRQoL, psychological wellbeing, and general quality of life, 
suggesting a healthier segment of the population.
 Moreover, heterogeneity within TOPICS-MDS is a concern since it is a 
pooled	 dataset	 comprised	 of	 research	 projects	 with	 different	 protocols	 and	
sampling frameworks (e.g. samples taken from primary care centers, hospital 
settings and the general population). To address this issue, meta-analytic 
techniques	were	applied.	Random	effects	by	research	project	were	included	in	
both the correlation analyses and linear mixed models.   
 Lastly, in the primary analysis, morbidity subgroups were not mutually 
exclusive,	 potentially	 biasing	 the	 interpretation	 of	 findings.	 However,	 this	
limitation is not distinct to this dataset, but is rather a widespread issue when 
conducting morbidity research in older persons. In contemporary medicine, 
older persons rarely present with a single chronic condition but rather a range 
of conditions.40 To address this issue in this study, individual geriatric conditions 
were	 regressed	 on	 EQ-5D	 summary	 scores	 in	 the	 different	 subgroups	 to	
examine the impact of individual conditions as well as co-morbidity on the 
outcome. 
 In the arena of quality of life research, this study is highly relevant as it 
performed a thorough analysis of measurement properties of the EQ-5D across 
four major geriatric conditions in a large group of older persons and supported 
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the discriminative ability of the EQ-5D. The unique infrastructure of TOPICS- 
MDS allowed for the pooled analysis of individual patient data from 32 research 
projects, which in turn granted the opportunity to explore subgroup analyses. 
Such	findings	are	not	only	pertinent	 to	users	of	TOPICS-MDS	but	also	 to	 the	
broader research community interested in accurate wellbeing measures for use 
in older populations. Furthermore, this study underlines that TOPICS-MDS, as 
a data sharing initiative, collects key variables for assessing quality of life and 
wellbeing in older persons. 
Conclusion
This study supported the construct validity of the EQ-5D in the overall 
TOPICS-MDS study population as well as across subgroups of older persons 
presenting with four major geriatric conditions: hearing issues, joint damage, 
urinary incontinence, and dizziness with falls. Relative to the other three 
conditions,	the	risk	of	ceiling	effects	was	higher	for	persons	with	hearing	issues.	
For older persons who are generally healthy, i.e. reporting few to no chronic 
conditions, the EQ-5D confers poor discriminative ability. Although the pooled 
dataset for TOPICS-MDS may initially suggest poor discriminative ability for 
the EQ-5D, such is not the case when a healthy subgroup is distinguished from 
subgroups presenting with major geriatric conditions.  
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Supplemental Table 1a  Unadjusted EQ-5D summary scores by geriatric 
condition
Healthya Hearing 
issues
Joint 
damageb
Urinary 
incontinence
Dizziness 
with falls
Age
Mean agec 0.84  
(0.81, 0.88)
0.67  
(0.64, 0.71)
0.64 
(0.61, 0.67)
0.61 
(0.58, 0.65)
0.59 
(0.55, 0.62)
Per additional 
year
-0.002  
(-0.003, -0.001)
-0.003 
(-0.004, -0.003)
-0.003 
(-0.003, -0.002)
-0.002 
(-0.003, -0.001)
-0.0003 
(-0.002, 0.001)
Sex
Men (reference) 0.85  
(0.82, 0.89)
0.71 
(0.68, 0.75)
0.68 
(0.64, 0.71)
0.64 
(0.61, 0.68)
0.61 
(0.57, 0.65)
Women -0.02  
(-0.03, 0.01)
-0.07 
(-0.08, -0.06)
-0.05 
(-0.06, -0.04)
-0.03 
(-0.05, -0.01)
-0.03 
(-0.05, -0.02)
Marital status
Married/
cohabiting 
(reference)
0.85 
(0.81, 0.88)
0.69 
(0.65, 0.72)
0.65 
(0.62, 0.69)
0.63 
(0.60, 0.67)
0.59 
(0.55, 0.63)
Widowed -0.02  
(-0.03, -0.003)
-0.03 
(-0.04, 0.02)
-0.02 
(-0.03, -0.01)
-0.02 
(-0.03, -0.004)
-0.01 
(-0.03, 0.01)
Single/divorced -0.004 
(-0.03, 0.02)
-0.03 
(-0.05, -0.01)
-0.02 
(-0.03, -0.003)
-0.009 
(-0.03, 0.01)
-0.01 
(-0.04, 0.02)
Educational level
Primary -0.005 
(-0.02, 0.01)
-0.03 
(-0.04, -0.02)
-0.04 
(-0.05, -0.03)
-0.03 
(-0.05, -0.01)
-0.02 
(-0.04, -0.003)
Secondary 
(reference)
0.84 
(0.81, 0.88)
0.68 
(0.65, 0.71)
0.65 
(0.62, 0.69)
0.63 
(0.59, 0.67)
0.59 
(0.55, 0.63)
College/ 
Some college
0.002 
(-0.01, 0.02)
0.03 
(0.02, 0.05)
0.03 
(0.01, 0.04)
0.04 
(0.02, 0.06)
0.03 
(0.01, 0.06)
Living arrangements
Lives alone -0.02 
(-0.03, -0.01)
-0.03 
(-0.04, -0.02)
-0.01 
(-0.02, -0.004)
-0.01 
(-0.03, 0.001)
-0.01 
(-0.03, 0.01)
Lives with others 
(reference)
0.85 
(0.81, 0.89)
0.68 
(0.65, 0.72)
0.65 
(0.62, 0.68)
0.63 
(0.59, 0.66)
0.59 
(0.55, 0.63)
a  Reported having none of the 17 chronic conditions recorded in The Older Persons and Informal 
Caregivers Survey. 
b Defined	as	arthrosis	or	degenerative	arthritis	of	the	hips	and/or	knees.
c  Mean ages were 75, 80, 78, 79, and 79 for healthy, hearing issues, joint damage, urinary 
incontinence and dizziness with falls subgroups respectively.
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Supplemental Table 1b  Unadjusted EQ-5D summary scores by geriatric 
condition
Hearing 
issues
Joint damagea Urinary 
incontinence
Dizziness 
with falls
Hearing issues
Yes (reference) -- 0.63  
(0.60, 0.67)
0.62  
(0.58, 0.65)
0.58  
(0.54, 0.61)
No -- 0.02  
(0.01, 0.03)
0.01  
(-0.003, 0.03)
0.02  
(0.001, 0.04)
Joint damage
Yes (reference) 0.62  
(0.58, 0.65)
-- 0.58  
(0.54, 0.62)
0.55  
(0.51, 0.58)
No 0.12  
(0.11, 0.13)
-- 0.10  
(0.09, 0.11)
0.09  
(0.07, 0.11)
Urinary incontinence
Yes (reference) 0.61  
(0.57, 0.64)
0.58  
(0.55, 0.61)
-- 0.53  
(0.49, 0.57)
No 0.10  
(0.09, 0.11)
0.08  
(0.07, 0.09)
-- 0.09  
(0.08, 0.11)
Dizziness with falls
Yes (reference) 0.57  
(0.54, 0.61)
0.55  
(0.53, 0.59)
0.53  
(0.50, 0.57)
--
No 0.13  
(0.12, 0.14)
0.10  
(0.09, 0.12)
0.12  
(0.10, 0.13)
--
Other co-morbiditiesb
0 co-morbidity 0.19  
(0.18, 0.21)
0.16 
(0.15, 0.18)
0.19 
(0.16, 0.21)
0.23 
(0.20, 0.26)
1 co-morbidities 0.15 
(0.14, 0.16)
0.13 
(0.12, 0.14)
0.15 
(0.13, 0.17)
0.16 
(0.14, 0.18)
2 co-morbidities 0.10 
(0.09, 0.12)
0.09 
(0.08, 0.11)
0.11 
(0.09, 0.13)
0.13 
(0.11, 0.15)
3+ co-morbidities 
(reference) 
0.58 
(0.55, 0.61)
0.56 
(0.53, 0.59)
0.53 
(0.50, 0.56)
0.50 
(0.46, 0.53)
a  Defined	as	arthrosis	or	degenerative	arthritis	of	the	hips	and/or	knees.
b  Included self-reported diabetes, cerebrovascular events, heart failure, cancer, airway disease, 
osteoporosis, bone fractures, depression, anxiety, dementia, or vision problems.
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Supplemental Table 2a  Age and sex adjusteda EQ-5D summary scores by 
sociodemographic characteristics
Healthyb Hearing 
issues
Joint  
damagec
Urinary 
incontinence
Dizziness 
with falls
Marital status
Married/
cohabiting 
(reference)
0.85 
(0.82, 0.89)
0.71 
(0.67, 0.74)
0.67 
(0.64, 0.70)
0.64 
(0.61, 0.68)
0.61 
(0.57, 0.65)
Widowed -0.01 
(-0.02, 0.01)
0.01 
(-0.01, 0.02)
0.01 
(-0.01, 0.02)
-0.002 
(-0.02, 0.01)
0.003 
(-0.02, 0.02)
Single/divorced -0.001 
(-0.02, 0.02)
-0.01 
(-0.03, 0.01)
-0.01 
(-0.02, 0.01)
-0.002 
(-0.03, 0.02)
-0.004 
(-0.03, 0.02)
Educational level
Primary 0.00002 
(-0.02, 0.02)
-0.02 
(-0.03, -0.01) 
-0.03 
(-0.04, -0.02)
-0.03 
(-0.04, -0.01)
-0.02 
(-0.04, -0.001)
Secondary 
(reference)
0.85 
(0.82, 0.89)
0.71 
(0.67, 0.74)
0.68 
(0.64, 0.71)
0.64 
(0.60, 0.68)
0.61 
(0.57, 0.65)
College/ 
Some college
-0.002 
(-0.02, 0.01)
0.03 
(0.01, 0.04)
0.02 
(0.01, 0.03)
0.04 
(0.02, 0.06)
0.03 
(0.005, 0.05) 
Living arrangements
Lives alone -0.01 
(-0.02, 0.003)
0.01 
(-0.002, 0.02)
0.01 
(-0.002, 0.02)
-0.0004 
(-0.02, 0.01)
0.003 
(-0.02, 0.02)
Lives with others 
(reference)
0.86 
(0.82, 0.89)
0.70 
(0.67, 0.74)
0.67 
(0.64, 0.70)
0.64 
(0.60, 0.68)
0.61 
(0.57, 0.65)
a  References are based on men and the centered mean age for healthy/morbidity subgroups. 
Average ages were 75, 80, 78, 79, and 79 for healthy, hearing issues, joint damage, urinary 
incontinence and dizziness with falls subgroups respectively.
b  Reported having none of the 17 chronic conditions recorded in The Older Persons and Informal 
Caregivers Survey.
c		Defined	as	arthrosis	or	degenerative	arthritis	of	the	hips	and/or	knees.
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Supplemental Table 2b  Age and sex adjusteda EQ-5D summary scores by 
sociodemographic characteristics
Hearing  
issues
Joint  
damageb
Urinary 
incontinence
Dizziness  
with falls
Hearing issues
Yes (reference) -- 0.66 (0.63, 0.70) 0.64 (0.60, 0.68) 0.60 (0.56, 0.64)
No -- 0.02 (0.01, 0.03) 0.01 (-0.01, 0.02) 0.02 (0.003, 0.04)
Joint damage
Yes (reference) 0.64 (0.61, 0.68) -- 0.59 (0.55, 0.62) 0.56 (0.52, 0.60)
No 0.10 (0.09, 0.11) -- 0.10 (0.08, 0.11) 0.09 (0.07, 0.11)
Urinary incontinence
Yes (reference) 0.64 (0.61, 0.68) 0.61 (0.58, 0.65) -- 0.54 (0.50, 0.58)
No 0.08 (0.07, 0.09) 0.07 (0.06, 0.09) -- 0.09 (0.07, 0.11)
Dizziness with falls
Yes (reference) 0.61 (0.57, 0.64) 0.59 (0.56, 0.62) 0.55 (0.52, 0.59) --
No 0.12 (0.11, 0.13) 0.10 (0.09, 11) 0.12 (0.10, 0.13) --
Other co-morbiditiesc
0 co-morbidities 0.19 (0.17, 0.20) 0.16 (0.15, 0.18) 0.19 (0.17, 0.21) 0.23 (0.20, 0.26)
1 co-morbidity 0.15 (0.13, 0.16) 0.13 (0.12, 0.14) 0.15 (0.14, 0.17) 0.16 (0.14, 0.18)
2 co-morbidities 0.10 (0.09, 0.11) 0.09 (0.08, 0.11) 0.11 (0.10, 0.13) 0.13 (0.11, 0.15)
3+ co-morbidities 
(reference) 
0.61 (0.58, 0.64) 0.59 (0.56, 0.62) 0.56 (0.53, 0.60) 0.52 (0.48, 0.55)
a  References are based on men and the centered mean age for healthy/morbidity subgroups. 
Average ages were 75, 80, 78, 79, and 79 for healthy, hearing issues, joint damage, urinary 
incontinence and dizziness with falls subgroups respectively.
b		Defined	as	arthrosis	or	degenerative	arthritis	of	the	hips	and/or	knees.
c  Included self-reported diabetes, cerebrovascular events, heart failure, cancer, airway disease, 
osteoporosis, bone fractures, depression, anxiety, dementia, or vision problems.
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Abstract
Purpose: Validity	is	a	contextual	aspect	of	a	scale	which	may	be	differ	across	
sample populations and study protocols. The objective of our study was to validate 
the	 Care-Related	 Quality	 of	 Life	 Instrument	 (CarerQol)	 across	 two	 different	
study	design	features,	sampling	framework	(general	population	versus	different	
care settings) and survey mode (interview versus written questionnaire). 
Methods: Data were extracted from The Older Persons and Informal Caregivers 
Minimum DataSet (TOPICS-MDS, www.topics-mds.eu), a pooled open access 
dataset with information on >3,000 informal caregivers throughout the Netherlands. 
Meta-correlations and linear mixed models between the CarerQol’s seven 
dimensions (CarerQol-7D) and caregiver’s level of happiness (CarerQol-VAS) 
and self-rated burden (SRB) were performed.
Results: The CarerQol-7D dimensions were correlated to the CarerQol-VAS and 
SRB in the pooled dataset and the subgroups. The strength of correlations between 
CarerQol-7D dimensions and SRB was weaker among caregivers who were 
interviewed versus those who completed a written questionnaire. The directionality 
of associations between the CarerQol-VAS, SRB and the CarerQol-7D dimensions 
in the multivariate model supported the construct validity of the CarerQoL in 
the	pooled	population.	Significant	 interaction	 terms	were	observed	 in	several	
dimensions of the CarerQoL-7D across sampling frame and survey mode, 
suggesting	meaningful	differences	in	reporting	levels.	
Conclusions:	Although	good	scientific	practice	emphasizes	the	importance	of	
re-evaluating	instrument	properties	in	individual	research	studies,	our	findings	
support the validity and applicability of the CarerQol instrument in a variety of 
settings.	Due	to	minor	differential	reporting,	pooling	CarerQol	data	collected	
using mixed administration modes should be interpreted with caution; for 
TOPICS-MDS, meta-analytic techniques may be warranted. 
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Introduction
Informal care for older persons has long served as an integral part of the health 
care system. However, increased longevity coupled with decreased fertility has 
widened the ratio between very old persons requiring care and middle-aged 
persons who have historically provided informal care.1 These demographic 
trends are further compounded by wider geographical dispersion of family 
members2, the increasing number of women joining the labor market2 and the 
increasing prevalence of minor functional impairment and chronic (co-) 
morbidity among older persons.3-5 The combination of these population 
dynamics leads to fewer persons available to provide support for older persons 
with more complex care needs as well as increased physical and mental stress 
on caregivers.6-9	As	government	policies	 shift	 towards	 informal	 care	 to	offset	
increasing health care costs, understanding care-related burden has become 
increasingly important in public health and health policy arenas.10  
 With this backdrop, the Dutch National Care for the Elderly Programme 
funded the development and implementation of The Older Persons and Informal 
Caregivers Survey Minimum DataSet (TOPICS-MDS; www.topics-mds.eu) to 
guide future policy decision making and health interventions for older persons 
and informal caregivers in the Netherlands.11 TOPICS-MDS is a large, 
open-access, pooled dataset with information from various research projects 
across the country. Yet, challenges in the analysis of TOPICS-MDS remain. 
Although the same set of core questions were answered by all caregivers, 
heterogeneity	between	study	protocols	may	result	in	differential	measurement	
error which becomes obscured in the pooled dataset. For instance, TOPICS-MDS 
contains mixed-mode data, i.e. caregivers responded to the same core questions 
either in a face-to-face interview or in a written questionnaire.  Measurement 
error	may	vary	across	these	two	survey	modes	due	to	differences	in	auditory	
versus visual processing or a preference to provide socially desirable answers 
when interviewed.12 Such phenomena are well documented in other research 
settings.13 Furthermore, variation in sampling frames (e.g. sampled from the 
general	 population	 versus	 primary	 centres)	 may	 elicit	 different	 response	
patterns.14 Projecting the directionality and degree of measurement error 
induced	by	different	study	designs	is	difficult	and	may	not	be	uniform	across	all	
variables.12,15 
 In light of these issues, the objective of our study was to validate the 
Care-Related	Quality	of	Life	Instrument	(CarerQol)	across	two	different	study	
design features available in TOPICS-MDS, sampling framework (general population 
versus	 different	 care	 settings)	 and	 survey	 mode	 (interview	 versus	 written	
questionnaire). Notably, the CarerQol was the primary instrument used in 
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TOPICS-MDS to measure care-related quality of life. Although it has been 
validated in earlier research16,17,	 these	 findings	 were	 based	 on	 small	 (<250	
participants), specialized settings using a written questionnaire. Since construct 
validity is contextual15, further validation work has been recommended.17
Methods
Data source
Data were derived from TOPICS-MDS (www.topics-mds.eu), which is a public 
access data repository designed to capture essential information on the physical 
and mental wellbeing of older persons and informal caregivers in the 
Netherlands. A detailed description of TOPICS-MDS has been presented 
elsewhere.11	Briefly,	the	Dutch	National	Care	for	the	Elderly	Programme	(http://
www.nationaalprogrammaouderenzorg.nl) was established in 2008 to promote 
proactive, integrated health care for older persons with complex care needs. As 
part of this national agenda, TOPICS-MDS was developed to collect uniform 
information from all research projects funded under the Programme. Thus, 
TOPICS-MDS consists of pooled data from various research projects which 
differ	across	study	design,	sampling	framework,	and	inclusion	criteria.	All	data	
were cleaned locally using a standardised protocol. Anonymized individu-
al-level data were then submitted to a central institution (Radboud University 
Medical Center, Nijmegen, Netherlands) for further validation checks and 
creation of the pooled dataset. Since various research projects submit 
information to TOPICS-MDS, the database is dynamic in nature and thus 
regularly	updated	with	new	observations.	Our	present	analysis	uses	 the	first	
version of the dataset available as of January 2013 and is based on 17 research 
projects with data available on 3,269 informal caregivers. TOPICS-MDS is a 
fully anonymised dataset available for public access, and therefore this analysis 
was exempt from ethical review (Radboud University Medical Centre Ethical 
Committee review reference number: CMO: 2012/120).
Informal caregivers
Informal	 caregivers	 were	 defined	 as	 individuals	 who	 provided	 long-term,	
unpaid care for another individual in their family, household or social network 
who has physical, mental or cognitive limitations. Sociodemographic 
information available on informal caregivers included sex, age, socioeconomic 
status11, the caregiver’s relationship with the care recipient, whether the 
caregiver resided with the care recipient, self-reported health and objective and 
subjective care-related burden. 
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 Objective care-related burden refers to indicators for the size of the care task 
which can be independently measured, such as the frequency of care provision. 
In TOPICS-MDS, the average number of hours caregivers assisted the care 
recipient with household tasks, personal care, or practical support such as 
transport	or	financial/administrative	duties	over	a	one-week	period	prior	to	the	
assessment was recorded. 
 Subjective care-related burden refers to personal perceptions of care burden. 
Given that internalization of burden may vary between caregivers, caregivers 
in similar situations may report varying levels of burden, which in turn 
influences	 care-related	 quality	 of	 life.	 The	 CarerQol	 instrument	was	 used	 to	
measure subjective care-related quality of life (Figure 1; original Dutch version 
available at www.topics-mds.eu). This instrument is comprised of two parts, the 
Carer-QoL-7D and the CarerQoL visual analogue scale (CarerQol-VAS). 
Modelled after the EuroQol-5D, the CarerQoL-7D was developed to measure 
seven dimensions of care-related burden which can then be used to derive a 
care-related quality of life summary score. These dimensions include 
care-related	 fulfilment;	 relational	 problems	 with	 the	 care	 recipient;	 mental	
health problems; physical health problems; problems completing daily activities; 
financial	 security;	 social	 support.	 Caregivers	 can	 describe	 their	 personal	
situation by responding whether they have ‘no’, ‘some’, ‘a lot’ of problems for 
each attribute.16-18 To generate a single summary score for the CarerQol-7D, the 
two	positive	items	(care-related	fulfilment	and	social	support)	are	reverse	scored	
and	a	set	of	weights	(also	referred	to	as	a	‘tariff’)	are	applied	to	each	level	of	the	
seven dimensions. These weights were based on preferences derived from the 
Dutch general population.19 The CarerQol-7D summary score represents a 
utility score for the care situation that ranges between zero (worst informal care 
situation) and 100 (best informal care situation). 
 The CarerQol-Visual Analogue Scale (CarerQol-VAS) represents an 
additional valuation component which asks caregivers to rate their general level 
of	happiness	using	the	statement	“Please	indicate	how	happy	you	are	currently	
feeling”.	 Responses	 are	 recorded	 on	 a	 horizontal	 scale	 ranging	 from	 ‘0’	
(completely unhappy) to ‘10’ (completely happy). For the purposes of this 
analysis, scores were subsequently converted to a scale ranging from 0 to 100. 
 Two additional VAS were also assessed20: (1) self-rated care burden (SRB), 
and (2) transfer of care (Transfer). SRB is an independent measure of subjective 
care burden that provides an overall assessment of the negative and positive 
aspects of caregiving.21	SRB	was	assessed	using	the	following	statement,	“Draw	
an	‘X’	on	the	scale	to	indicate	how	hard	you	are	finding	it	to	care	for	the	care	
recipient”.	Transfer	describes	a	hypothetical	 situation	 in	which	care	 tasks	are	
taken over by a person selected by the carer and the care recipient without 
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changing the living situation of the care recipient and free of charge.22 Given 
this	scenario,	caregivers	were	asked	to	“Draw	an	‘X’	on	the	scale	to	indicate	how	
happy you would feel if this person would take over the care responsibilities 
from	you”.	Unlike	SRB,	Transfer	was	not	developed	as	a	stand-alone	measure	
but rather with the CarerQol-VAS to measure the concept of process utility (PU, 
described below). Both scales ranged from ‘0’ to ‘10’, and similarly to the 
CarerQol-VAS,	 were	 converted	 to	 scores	 ranging	 from	 0	 (not	 difficult	 at	 all,	
completely	unhappy	with	transferring	caregiving	tasks)	to	100	(far	too	difficult,	
completely happy with transferring caregiving tasks).
 PU is a derived measure representing the value a carer attaches to the 
process	 of	 informal	 caregiving	 and	 is	 calculated	 by	 taking	 the	 difference	 in	
happiness between two situations: the current situation (measured by 
CarerQol-VAS) and a hypothetical situation in which care tasks are transferred 
(measured by Transfer).22 A positive PU score indicates that the carer would be 
unhappy transferring care tasks, thus attaching a positive value to caregiving, 
whereas a negative PU score indicates the opposite. A PU score of zero indicates 
that that the carer is neutral towards caregiving. 
Care recipient
Informal caregiver data were linked with data on the care recipient. To examine 
the relationship between caregiver quality of life and the severity of the care 
recipient’s vulnerability, we constructed a 45-item frailty index 23 validated for 
use in TOPICS-MDS.24 A frailty index is calculated by reviewing >30 health 
problems	affecting	different	physiological	systems;	the	total	number	of	problems	
observed in an individual is then divided by the total number of problems 
reviewed to calculate a proportion. Frailty index scores >0.20 indicate a likely 
frail state.23 
Statistical analysis
TOPICS-MDS is a pooled dataset of individual-level information; subsequent 
analyses were performed using a one-step individual patient data meta-analysis. 
This	 type	 of	 analysis,	 also	 referred	 to	 as	 a	 “mega-analysis”,	 allows	 the	
simultaneous	analysis	of	data	while	accounting	for	the	clustering	effects.	Since	
TOPICS-MDS	is	comprised	of	study	projects	with	different	sampling	frameworks	
and implementation procedures, we decided a priori to perform analyses in the 
pooled dataset as well as across two sub-groups: sampling framework (i.e. 
recruitment from the general population versus hospital versus primary care 
centres) and survey mode (i.e. caregivers who completed face-to-face interviews 
versus written questionnaires). Notably, individual study protocols dictated 
survey mode.
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We	first	described	the	characteristics	of	the	study	sample.	We	then	assessed	the	
distributional properties of the CarerQoL-VAS, SRB and Transfer by examining 
mean	scores,	spread	in	variation	(standard	deviation),	and	the	extent	of	floor	or	
ceiling	effects.	Since	there	is	no	universally	accepted	threshold	for	identifying	
floor	and	ceiling	effects,	we	considered	these	effects	present	if	15%	of	caregivers	
reported either the lowest or highest scores.25 We further examined the mean 
(standard	deviation),	range	and	floor	and	ceiling	effects	for	PU	and	CarerQol-7D	
summary	 scores.	 Mean	 differences	 for	 the	 three	 VAS	 scores,	 PU	 and	 the	
CarerQol-7D summary score across subgroups were assessed using ANOVA.
 For comparative purposes 17, we evaluated each of the seven dimensions of 
CarerQol-7D	 separately.	 We	 first	 calculated	 the	 distribution	 responses	 .	 To	
assess whether construct validity, i.e. the degree to which scores are consistent 
with hypotheses26, of the CarerQoL-7D was upheld in the pooled dataset and 
predefined	 subgroups,	 we	 calculated	 random	 effects	 meta-correlations	
(Spearman’s rho) between CarerQol-VAS, SRB and PU scores and the seven 
dimensions of the CarerQoL-7D with the meta package in R.27	A	random	effects	
meta-correlation was performed to allow for heterogeneity between individual 
studies	in	the	pooled	dataset.	Correlation	coefficients	were	classified	as	trivial	
(<0.1), weak (0.1 to <0.3), moderate (0.3 to <0.5), strong (0.5 to <0.7), very strong 
(>0.7).28 In line with previous research17, we posited several hypotheses reading 
the directionality and magnitude of these associations (Supplemental Table 1). 
We presumed that construct validity was upheld if the strength of association 
and directionality of correlations coincided with most (~75%) of our hypotheses.25
 Caregiver happiness and self-perceived burden have been shown to be 
associated with the CarerQoL-7D.17 Thus, to further examine construct validity, 
we	conducted	linear	mixed	models	to	allow	for	clustering	effects	between	study	
projects. Given the observed correlation between CarerQol-VAS and SRB, we 
conducted a multivariate repeated measures approach to simultaneously model 
both outcomes as a function of the seven dimensions of the CarerQoL-7D.29 In 
the adjusted models, consideration was also given to caregiver’s sex, age, 
socioeconomic status, self-reported health and the care recipient’s sex, age and 
frailty status. 
 To demonstrate the potential impact on multivariate analysis, interaction 
terms	were	assessed	 to	determine	 if	 associations	differed	 significantly	across	
sampling	 framework	 (general	 population	 versus	 different	 care	 settings)	 and	
survey mode (interview versus written questionnaire). Covariates of interest in 
these models only included the seven dimensions of the CarerQol-7D and their 
interaction terms between sampling framework or survey mode. All statistical 
analyses were carried out using SAS (Version 9.3; SAS Institute Inc., Care, NC, 
USA) and R (2013: Vienna, Austria). 
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Figure 1   CarerQol instrument
CarerQol-7D
The	following	questions	are	about	your	situation	as	a	caregiver.	Place	an	“X”	next	to	the	
word that best describes your care situation.  
 
a. I gain… 
  no  
  some
  a lot 
	 …(of)	fulfilment	with	carrying	out	my	care	tasks.	
b. I have… 
  no  
  some
  a lot 
 …(of) relational problems with the care receiver (for example, he/she is very demanding, he/she 
behaves	differently,	we	have	communication	problems).	
c. I have… 
  no  
  some
  a lot 
 …(of) problems with my own mental health (for example, stress, fear, gloominess, depression, 
concern about the future). 
d. I have… 
  no  
  some
  a lot 
 …(of) problems with my own physical health (for example, being sick more often, tiredness, 
physical stress). 
e. I have… 
  no  
  some
  a lot 
 …(of) problems combining my daily activities (for example, household activities, work, study, 
family activities and free time) with my care tasks. 
f. I have… 
  no  
  some
  a lot 
	 …(of)	financial	problems	because	of	my	care	tasks.	
g. I have… 
  no  
  some
  a lot 
 …(of) support with carrying out my care tasks when I need it (for example, from family, friends, 
neighbors, acquaintances). 
CarerQol-VAS
Please	draw	an	“X”	on	the	scale	below	to	indicate	how	happy	you	are	feeling	right	now.	
Completely
unhappy
Completely
happy
0 1 2 3 4 5 6 7 8 9 10
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Results
Sample characteristics
Data	were	pooled	from	17	different	research	projects	resulting	 in	a	dataset	of	
3,269 caregivers. The pooled dataset comprised of two large projects (>500 
caregivers recruited), nine mid-sized projects (100 to <500 caregivers recruited) 
and six small projects (<100 caregivers recruited); a more detailed description of 
individual studies is available at www.topics-mds.eu. The majority of caregivers 
were recruited from primary care centres (59.3%; n=1,940), followed by the 
general population (23.0%; n=753) and hospitals (17.6%; n=576). Information on 
survey mode was available for two-third of caregivers (61.7%; n=2,195). Among 
caregivers with data on survey mode, most (86.3%; n=1,895) completed a written 
questionnaire. The majority of caregivers completing a written questionnaire 
were recruited from a primary care centre (59.5%; n=1,127).  
	 Several	 differences	 in	 caregiver	 and	 care	 recipient	 characteristics	 were	
observed across sampling frames and survey mode (Table 1). Relative to those 
sampled from the general population or primary care centers, caregivers 
sampled from hospitals were more likely to be the care recipient’s spouse and 
consequently reside with the care recipient. Care recipients sampled from 
hospitals were less likely to be female and on average reported a lower frailty 
index score. Caregivers who were interviewed were more likely to be older, the 
care recipient’s spouse and reside with the care recipient; their care recipients 
were more likely to have at least one ADL limitation and to report higher frailty 
index scores.
Figure 2   Distribution of CarerQol-7D dimension (N=3,269)
0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100% 
Social support 
Financial problems 
Problems with daily activities 
Physical health issues 
Mental health issues 
Relational problems 
Fulfilment 
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Visual analogue scales and summary scores
Mean (SD) scores for the CarerQoL-VAS, SRB and Transfer were 70.1 (16.5), 43.0 
(25.4) and 50.0 (26.2) respectively (Table 2). Based on a 15% threshold, no dispro-
portionate clustering of responses was observed at the scale extremes to indicate 
floor	 or	 ceiling	 effects.	 However,	 for	 SRB,	 a	 notably	 higher	 proportion	 of	
caregivers sampled from hospitals reported no self-perceived burden (11.0%) 
relative to those sampled from the general population (2.3%) or primary care 
centers (3.3%). None of the caregivers who were interviewed reported the 
highest possible score for Transfer whereas 2.4% of caregivers who completed a 
written questionnaire did. 
 The distributional properties of PU and CarerQoL-7D summary scores 
were broadly similar across sampling frame and survey mode (Table 2). The 
mean (SD) PU score was 20.0 (31.3), indicating that on average caregivers 
attached a positive value to providing care. None of the caregivers scored the 
lowest or the highest possible scores for the CarerQol-7D (i.e. 0, 100 respectively). 
When examining lower and upper thresholds (i.e. summary scores <5 or >95), 
overall, no caregivers scored <5 whereas 6.9% scored >95. 
Dimensions of the CarerQol
The	 vast	 majority	 of	 caregivers	 reported	 fulfilment	 in	 care-giving,	 and	 few	
reported	financial	difficulties	due	to	their	care-giving	responsibilities	(Figure	2).	
Reporting levels across the individual dimensions of the CarerQol-7D varied 
minimally by sampling frame and survey mode (Supplemental Figures 1 and 2); 
yet,	there	were	several	key	differences.	Caregivers	sampled	from	primary	care	
centres	were	less	likely	to	report	“no”	relational	issues	compared	to	caregivers	
sampled from the general population or hospitals (50.2%, 63.7%, 64.9% respectively) 
and	more	likely	to	report	“some”	relational	issues	(40.1%,	28.6%,	27.9%	respectively).	
Compared to those who completed a written questionnaire, caregivers who 
were interviewed reported higher levels of social support and relational problems 
though	lower	levels	of	fulfilment	in	caregiving.	
Random effects meta-correlation
In the pooled dataset, a weaker negative correlation was observed between the 
CarerQol-VAS and SRB whereas a stronger positive correlation was observed 
between the CarerQol-VAS and PU (Table 3). There was a weak to moderate 
negative	 correlation	 between	 the	 CarerQol-VAS	 and	 five	 of	 the	 CarerQol-7D	
dimensions (relational problems, mental health issues, physical health issues, 
problems	 with	 daily	 activities	 and	 financial	 problems).	 SRB	 was	 negatively	
correlated	with	PU	and	fulfilment	and	positively	correlated	with	the	remaining	
CarerQol-7D dimensions. Similar patterns were observed for PU, though in 
 Evaluation of TOPICS-MDS Survey Instruments | 113
contrasting directionality. Observed correlations in the pooled dataset generally 
coincided with hypothesized magnitude and directionality (Table 3, Supplemental 
Table	1).	The	magnitudes	of	observed	correlations	differed	modestly	by	sampling	
frame	and	survey	mode.	Specifically,	correlations	between	SRB	and	the	CarerQol-	
7D dimensions were weaker among caregivers who were sampled from primary 
care centres and who were interviewed (Supplemental Tables 2 and 3). 
Multivariate analysis
The directionality of associations in the multivariate model between the CarerQol- 
VAS, SRB and the seven CarerQol dimensions supported the construct validity 
of the CarerQoL in the pooled population (Table 4). The positive dimensions of 
the	CarerQol-7D	(fulfilment,	social	support)	were	positively	associated	with	the	
CarerQol-VAS whereas the negative dimensions (relational problems, mental 
health	issues,	physical	health	issues,	problems	with	daily	activities	and	financial	
problems) were negatively associated with the CarerQol-VAS; contrasting 
associations were observed for SRB. Similar associations persisted in the adjusted 
model. Poor self-rated health and frailty of the care recipient were negatively 
associated with the CarerQol-VAS and positively associated with increased 
SRB, further supporting the validity of the measures. 
 In the last analysis, the CarerQol-VAS and SRB were modelled as a function 
of the seven dimensions of the CarerQoL-7D and their interaction terms with 
sampling	frame	or	survey	mode;	significant	interactions	terms	were	primarily	
observed for SRB (Tables 5 and 6). The patterns of association between the 
positive and negative dimensions of the CarerQol-7D and the CarerQol-VAS 
and SRB were similar to the unadjusted model. However, the interaction terms 
did impact the strength of these associations. Relative to caregivers sampled 
from primary care centres, there was a weaker association between relational 
problems and SRB in caregivers sampled from hospitals; in contrast, the 
association between mental health issues and SRB was stronger (Table 5). 
Moreover, a stronger association between problems with daily activities and SRB 
was	observed	for	caregivers	sampled	from	the	general	population.	A	significant	
interaction between survey mode and physical health was observed for both the 
CarerQol-VAS	and	SRB,	underscoring	meaningful	differences	in	the	reporting	
of this item in an interview versus a written questionnaire (Table 6). Relative to 
caregivers who completed a written questionnaire, a weaker association was 
found between physical health issues and the CarerQol-VAS and SRB in 
caregivers who were interviewed. Similarly, the association between problems 
with daily activities and SRB was weaker.  
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Table 5   Interaction estimates for sampling frame in the multivariate 
analysis of CarerQol-VAS and Self-Rated Burden (SRB)
CarerQol-VAS SRB
 β  95% CI  β  95% CI
Intercept 85.58 79.09, 92.07 6.39 -14.27, 0.51
Fulfilment 3.66 2.28, 5.06 -2.89 -4.51, -1.27
Relational problems -2.49 -3.86, -1.12 9.21 7.61, 10.81
Mental health issues -7.94 -9.41, -6.47 4.35 2.63, 6.07
Physical health issues -2.90 -4.32, -1.48 3.93 2.25, 5.61
Problems with daily activities -0.93 -2.43, 0.57 9.56 7.82, 11.31
Financial problems -3.57 -6.22, -0.92 2.54 -0.61, 5.68
Social support 0.72 -0.38, 1.82 0.90 -0.42, 2.23
Sampling frame
   Primary care Reference
   General 9.28 -0.38, 18.94 -15.93 -28.24, -3.62
   Hospital -0.22 -10.77, 10.32 -18.24 -32.06, 4.42
Fulfilment*
   General -3.01 -5.25, -0.77 2.02 -0.92, 4.95
   Hospital -1.46 -3.99, 1.06 0.67 -2.71, 4.05 
Relational problems*
   General -1.35 -3.63, 0.94 0.56 -2.46, 3.58
   Hospital 0.93 -1.78, 3.64 -3.81 -7.48, -0.15
Mental health issues*
   General -0.38 -2.87, 2.11 2.54 -0.75, 5.83
   Hospital 0.62 -2.25, 3.49 4.15 0.21, 8.09
Physical health issues*
   General -1.33 -3.73, 1.08 -1.15 -4.34, 2.03
   Hospital -1.41 -4.25, 1.42 1.00 -2.86, 4.87
Problems with daily activities*
   General -0.20 -2.70, 2.31 3.56 0.26, 6.89
   Hospital 0.02 -2.86, 2.91 3.66 -0.23, 7.55
Financial problems*
   General 1.34 -3.09, 5.76 -0.96 -6.82, 4.90
   Hospital 3.90 -0.48, 8.29 -0.01 -5.90, 5.87
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Table 5  Continued
CarerQol-VAS SRB
 β  95% CI  β  95% CI
Social support*
   General 0.72 -1.09, 2.54 -0.61 -3.02, 1.80
   Hospital -1.48 -3.52, 0.57 1.12 -1.65, 3.90
Cluster	effects
Cluster	variance	(σu
2) 1.70 75.72
Error	variance	(σe
2) 200.83 379.79
Intraclass correlation  
coefficient	(ρ)
0.008 0.17
Note:	 CarerQol-VAS	 refers	 to	 the	 statement,	 “Please	 indicate	 how	 happy	 you	 are	 currently	
feeling”.	SRB	refers	to	the	statement,	“Please	indicate	how	burdensome	you	feeling	care	for	loved	
one	is	at	the	moment”.	Unstandardized	beta	(β)	estimates	are	presented.	Statistically	significant	
interaction terms are indicated in bold. An asterisk (*) indicates an interaction term.
Table 6   Interaction estimates for survey mode in the multivariate analysis 
of CarerQol-VAS and Self-Rated Burden (SRB)
CarerQol-VAS SRB
 β  95% CI  β  95% CI
Intercept 87.09 81.77, 92.42 -6.88 -14.27, 0.51
Fulfilment 2.51 1.35, 3.66 -2.34 -3.99, -0.69
Relational problems -1.86 -3.07, -0.66 8.83 7.11, 10.54
Mental health issues -8.51 -9.76, -7.26 5.77 3.98, 7.57
Physical health issues -4.13 -5.38, -2.89 5.60 3.83, 7.38
Problems with daily activities -0.20 -1.47, 1.06 11.49 9.69, 13.30
Financial problems -2.45 -4.50, -0.39 4.15 1.21, 7.10
Social support 0.79 -0.14, 1.71 -0.01 -1.32, 1.30
Survey mode 
(questionnaire=reference)
-8.78 -21.38, 3.82 55.97 38.17, 73.77
Fulfilment*Mode 2.09 -0.99, 5.17 -1.81 -6.17, 2.54
Relational problems*Mode -2.13 -4.87, 0.61 -2.79 -6.69, 1.10
Mental health issues*Mode 1.18 -2.03, 4.39 -3.07 -7.64, 1.49
Physical health issues*Mode 4.82 1.80, 7.84 -9.35 -13.64, -5.07
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Discussion
Our	 examination	 of	 the	 CarerQol	 instrument	 in	 different	 study	 settings	
demonstrates	that	construct	validity	was	maintained.	Although	good	scientific	
practice emphasizes the importance of re-evaluating instrument properties in 
individual research studies15,	our	findings	lend	support	to	the	applicability	of	
the CarerQol instrument in a variety of settings. Nonetheless, pooled analyses 
based on the full TOPICS-MDS may not be appropriate for all research questions 
due	 to	 minor	 differential	 reporting.	 Survey	 mode	 in	 particular	 seemed	 to	
modestly	 influence	 self-reported	 burden.	 Given	 the	 available	 data,	 we	 are	
unable	to	discern	why	such	differences	arose,	and	we	cannot	exclude	that	some	
findings	 may	 be	 due	 to	 statistical	 chance	 alone.	 Still,	 different	 survey	
administration	 modes	 have	 been	 shown	 to	 influence	 response	 patterns12,13,30, 
and	 caregivers	 may	 have	 underreported	 certain	 difficulties	 to	 frame	 their	
responses	 as	 more	 “socially	 desirable”.	 Importantly,	 these	 findings	 should	
encourage future users of the CarerQol-7D and TOPICS-MDS to be mindful that 
certain	 outcome	measures,	 such	 as	 SRB,	may	 be	more	 heavily	 influenced	 by	
study design features than others.  
Table 6   Continued
CarerQol-VAS SRB
 β  95% CI  β  95% CI
Problems with daily 
activities*Mode 
-2.97 -6.23, 0.30 -7.62 -12.26, -2.98
Financial problems*Mode 0.15 -5.76, 6.05 -7.89 -16.31, 0.53
Social support *Mode -0.30 -2.70, 2.11 3.34 -0.09, 6.76
Cluster	effects
Cluster	variance	(σu
2) 2.77 80.43
Error	variance	(σe
2) 190.85 372.33
Intraclass correlation 
coefficient	(ρ)
0.01 0.18
Note:	 CarerQol-VAS	 refers	 to	 the	 statement,	 “Please	 indicate	 how	 happy	 you	 are	 currently	
feeling”.	SRB	refers	to	the	statement,	“Please	indicate	how	burdensome	you	feeling	care	for	loved	
one	is	at	the	moment”.	Statistically	significant	interaction	terms	are	indicated	in	bold.	Mode	was	
defined	as	either	interview	or	written	questionnaire	(reference	group).	An	asterisk	(*)	indicates	
an interaction term.
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 In our present study, we expanded on previous research by validating the 
CarerQol among caregivers who were sampled from the general population, 
hospitals and primary care centres. Reassuringly, observed associations 
between the CarerQol dimensions and outcomes of interest were similar.16,17 
However, complementary research examining other care settings, such as 
retirement	 communities	 or	 nursing	 homes,	 would	 also	 be	 of	 benefit.	 Such	
settings are unique given the integration of informal and formal care. 
TOPICS-MDS did contain two studies sampled from nursing homes; though, 
these studies were excluded due to small numbers (100 observations in total).
 Although we reported the distributional properties of Transfer, it is 
important to emphasize that this VAS was developed in conjunction with the 
CarerQol-VAS with the intention of measuring PU. Transfer has not been 
independently validated for use in health services research, and thus should not 
be used as an individual marker of care-related burden. Nonetheless, we felt it 
was informative to present the distributional properties of Transfer since this 
measures	 directly	 influences	 the	 range	 of	 PU	 scores.	 If	 differential	 reporting	
was observed for one VAS and not the other, then the PU measurement may 
need to be re-evaluated. However, we found that neither VAS seemed to be dis-
proportionately	influenced	by	sampling	frame	or	survey	mode.	
 Our work is subject to several limitations. Firstly, the operationalization of 
concepts	 may	 raise	 concerns,	 specifically	 how	 caregivers	 interpret	 the	
CarerQol-VAS (happiness) and SRB (burden). However, using a VAS to measure 
general happiness has been widely applied in psychological and economic 
research31	 as	well	 as	 specifically	 in	 the	 context	of	 informal	 care.32,33 Similarly, 
when	compared	with	different	burden	scales,	SRB	produced	a	valid	measure	of	
burden.21	Furthermore,	the	lack	of	a	universally	accepted	operational	definition	
for	 informal	 care	 may	 impede	 the	 applicability	 of	 findings.	 TOPICS-MDS	
applied	 a	 broad	 definition,	 defining	 informal	 care	 as	 long-term,	 voluntary,	
unpaid care for individuals with limitations impeding their ability to meet their 
daily	needs.	This	definition	did	not	specify	a	time	duration	for	“long-term”	care,	
though	 recent	 guidelines	 developed	 in	 the	 Netherlands	 have	 defined	
“long-term”	as	care	provision	lasting	at	least	two	weeks.34  
 Secondly, due to extensive missingness in the survey mode, we were 
inhibited from stratifying our analysis by both sampling frame and survey 
mode. Since the majority of interviews were conducted on caregivers sampled 
from primary care centers, we were unable to ascertain the interaction between 
these	 two	 study	 design	 features.	 Further	 stratification	 may	 have	 exposed	
additional complexities in the dataset. It is also important to note that survey 
mode was determined according to individual study protocols. The majority of 
included studies used written questionnaires, three were mixed mode and one 
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was interview only. To reduce bias, data collection was performed using 
standardized	forms,	and	we	accounted	for	clustering	effects	within	individual	
studies by performing linear mixed models.
	 Lastly,	 our	 current	 analysis	 revealed	minor	 differential	 reporting	 by	 survey	
mode;	we	have	not	discussed	treatment	of	differential	reporting	in	TOPICS-MDS.	
Since the magnitude and directionality of bias may vary across individual survey 
items, quantifying the sole impact of a study design feature is challenging. We 
speculate	that	uniform	solutions	are	unlikely	given	that	differential	reporting	is	
dependent upon the outcomes and covariates of interest. We do, however, 
encourage future users of TOPICS-MDS to apply meta-analytic techniques to 
examine heterogeneity and assess the feasibility of using pooled data.35 Such 
techniques may include the a priori decision to perform subgroup or sensitivity 
analyses by survey mode.36	 Whereas	 random	 effects	 meta-analyses	 may	 be	
suitable for certain research questions, it is critical to emphasize that such 
analyses	do	not	“fix”	issues	of	heterogeneity.36 
 In this regard, a major strength of our study was that we were able to perform 
an individual patient data meta-analysis using TOPICS-MDS, a standardized, 
pooled master database. There are numerous advantages of using individual 
patient data over aggregate data, such as the ability to include unpublished data 
(thus reducing publication bias) and the ability to perform standardized 
statistical analyses across studies.37 As data sharing becomes increasing 
encouraged	 in	 the	 scientific	 community38, attempted retrieval of individual 
patient data should be encouraged in the protocol phase of a meta-analysis. 
Although individual patient data meta-analysis cannot circumvent all the 
challenges associated with pooled data39,40, it can enhance researchers’ 
understanding	of	the	data	and	the	effects	of	heterogeneity.	
	 An	 additional	 strength	 is	 that	 we	 defined	 measurement	 properties	 (i.e.	
validity) in line with previous work published by COnsensus-based Standards 
for the selection of health Measurement INstruments (COSMIN) Initiative.26 
Variation	in	terminology	and	definitions	for	measurement	properties	frequently	
occur	in	scientific	research.	By	adhering	to	recommended	terms	and	definitions	
reached through international consensus, we aim to create a greater transparency 
in our work. 
 In conclusion, our analysis supports the overall validity of the CarerQol 
instrument.	This	finding	is	not	only	relevant	for	individuals	who	wish	to	access	
TOPICS-MDS data, but also individuals who would like to apply the CarerQol 
instrument in future studies of care-related quality of life. Due to minor 
differential	reporting,	pooling	mixed	mode	CarerQol	data	should	be	interpreted	
with caution; for TOPICS-MDS, meta-analytic techniques may be warranted.
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Supplemental Table 1  Hypotheses on magnitude and directionality of 
correlations between CarerQol dimensions and CarerQol-VAS, Self-Rated 
Burden and Process Utility 
CarerQol-VAS SRB PU
SRB Moderate, - -- --
PU Strong, + Moderate, - --
Fulfilment Weak, + Weak, - Moderate, +
Relational problems Moderate, - Moderate, + Moderate, -
Mental health issues Moderate-Strong, - Moderate, + Moderate, -
Physical health issues Moderate, - Moderate, + Moderate, -
Problems with daily 
activities
Moderate, - Strong, + Moderate, -
Financial problems Weak, - Weak, + Weak, -
Social support Trivial, + Trivial, - Weak, +
Abbreviations: SRB, Self-rated burden; PU, Process Utility Note:	Correlation	coefficients	were	
classified	as	trivial	(<0.1),	weak	(0.1	to	<0.3),	moderate	(0.3	to	<0.5),	strong	(0.5	to	<0.7),	very	strong	
(>0.7). A ‘+’ signs indicates a hypothesized positive correlation whereas a ‘-’ indicates a 
hypothesized negative correlation.
Supplemental Table 2  Random	effects	meta-correlation	coefficient	
(Spearman’s rho) by sampling frame
CarerQol-VAS 
(95% CI)
SRB 
(95% CI)
PU 
(95% CI)
General population
   Burden -0.36 (-0.42, -0.29) -- --
   Process 0.49 (0.43, 0.54) -0.33 (-0.43, -0.23) --
   CarerQol domains
			Fulfilment 0.15 (0.03, 0.26) -0.15 (-0.30, 0.01) 0.22 (0.12, 0.31)
   Relational problems -0.37 (-0.52, -0.21) 0.44 (0.34, 0.53) -0.27 (-0.35, -0.19)
   Mental health issues -0.45 (-0.54, -0.34) 0.39 (0.32, 0.45) -0.27 (-0.34, -0.20)
   Physical health issues -0.33 (-0.40, -0.25) 0.34 (0.21, 0.45) -0.26 (-0.41, -0.11)
   Problems with daily activities -0.24 (-0.35, -0.12) 0.47 (0.37, 0.56) -0.25 (-0.38, -0.10)
   Financial problems -0.14 (-0.21, -0.06) 0.17 (0.10, 0.24) -0.10 (-0.17, -0.03)
   Social support 0.03 (-0.08, 0.14) 0.05 (-0.06, 0.15) <0.001 (-0.12, 0.12)
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Supplemental Table 2  Continued
CarerQol-VAS 
(95% CI)
SRB 
(95% CI)
PU 
(95% CI)
Hospital
   Burden -0.30 (-0.38, -0.21) -- --
   Process 0.56 (0.50, 0.62) -0.43 (-0.50, -0.35) --
   CarerQol domains
			Fulfilment 0.16 (0.07, 0.24) -0.18 (-0.29, 0.06) 0.20 (0.12, 0.29)
   Relational problems -0.22 (-0.35, -0.07) 0.36 (0.28, 0.43) -0.29 (-0.37, -0.20)
   Mental health issues -0.36 (-0.48, -0.22) 0.43 (0.36, 0.50) -0.29 (-0.37, 0.21)
   Physical health issues -0.29 (-0.41, -0.16) 0.40 (0.32, 0.47) -0.32 (-0.44, -0.18)
   Problems with daily activities -0.27 (-0.35, -0.18) 0.47 (0.36, 0.56) -0.36 (-0.44, -0.28)
   Financial problems -0.10 (-0.20, 0.01) 0.13 (-0.05, 0.30) -0.09 (-0.23, 0.06)
   Social support 0.03 (-0.09, 0.15) 0.05 (-0.04, 0.14) -0.04 (-0.16, 0.09)
Primary care
   Burden -0.17 (-0.47, 0.17) -- --
   Process 0.51 (0.47, 0.55) -0.27 (-0.46, -0.04) --
   CarerQol domains
			Fulfilment 0.23 (0.18, 0.28) -0.15 (-0.25, -0.04) 0.35 (0.27, 0.42)
   Relational problems -0.27 (-0.31, -0.21) 0.30 (0.14, 0.45) -0.33 (-0.38, -0.28)
   Mental health issues -0.46 (-0.51, -0.40) 0.28 (0.09, 0.44) -0.30 (-0.36, -0.23)
   Physical health issues -0.37 (-0.42, -0.32) 0.29 (0.07, 0.48) -0.24 (-0.29, -0.19)
   Problems with daily activities -0.27 (-0.32, -0.22) 0.36 (0.13, 0.55) -0.33 (-0.39, -0.28)
   Financial problems -0.21 (-0.26, -0.16) 0.13 (-0.01, 0.27) -0.16 (-0.22, -0.11)
   Social support 0.14 (0.09, 0.20) -0.02 (-0.08, 0.05) 0.05 (-0.002, 0.11)
Abbreviation:	95%	CI,	95%	Confidence	Interval
Note:	 CarerQol-VAS	 refers	 to	 the	 statement,	 “Please	 indicate	 how	 happy	 you	 are	 currently	
feeling”.	SRB	refers	to	the	statement,	“Please	indicate	how	burdensome	you	feeling	care	for	loved	
one	is	at	the	moment”.	PU,	process	utility,	 is	a	derived	measure	representing	the	value	a	carer	
attaches to the process of informal caregiving.
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Supplemental Table 3  Random	effects	meta-correlation	coefficient	
(Spearman’s rho) by survey mode
CarerQol-VAS
 (95% CI)
SRB 
(95% CI)
PU 
(95% CI)
Questionnaire
   Burden -0.34 (-0.39, -0.29) -- --
   Process 0.53 (0.50, 0.56) -0.42 (-0.47, -0.37) --
   CarerQol domains
			Fulfilment 0.20 (0.16, 0.25) -0.20 (-0.26, -0.15) 0.29 (0.22, 0.36)
   Relational problems -0.26 (-0.32, -0.21) 0.41 (0.37, 0.46) -0.33 (-0.37, -0.28)
   Mental health issues -0.44 (-0.50, -0.38) 0.39 (0.35, 0.43) -0.30 (-0.35, -0.25)
   Physical health issues -0.35 (-0.40, -0.30) 0.40 (0.35, 0.43) -0.28 (-0.34, -0.21)
   Problems with daily activities -0.26 (-0.30, -0.21) 0.48 (0.43, 0.52) -0.34 (-0.38, -0.29)
   Financial problems -0.18 (-0.22, -0.13) 0.20 (0.13, 0.26) -0.15 (-0.20, -0.09)
   Social support 0.10 (0.03, 0.16) -0.01 (-0.08, 0.05) 0.01 (-0.06, 0.09)
Interview
   Burden -0.12 (-0.72, 0.58) -- --
   Process 0.45 (0.36, 0.54) -0.10 (-0.46,  0.30) --
   CarerQol domains
			Fulfilment 0.29 (0.17, 0.39) 0.01 (-0.27, 0.29) 0.22 (0.005, 0.41)
   Relational problems -0.28 (-0.44, -0.11) 0.13 (-0.26, 0.49) -0.24 (-0.44,  -0.03)
   Mental health issues -0.40 (-0.49,  -0.30) 0.23 (-0.33, 0.67) -0.28 (-0.38,  -0.17)
   Physical health issues -0.26 (-0.49,  -0.001) 0.10 (-0.46,  0.60) -0.30 (-0.40, -0.19)
   Problems with daily activities -0.26 (-0.42, -0.09) 0.21 (-0.45,  0.72) -0.26 (-0.43,  -0.07)
   Financial problems -0.13 (-0.35,  0.10) 0.02 (-0.34, 0.37) -0.11 (-0.28, 0.07)
   Social support 0.10 (-0.01, 0.21) 0.10 (-0.02, 0.21) 0.01 (-0.15, 0.18)
Abbreviation:	95%	CI,	95%	Confidence	Interval
Note:	 CarerQol-VAS	 refers	 to	 the	 statement,	 “Please	 indicate	 how	 happy	 you	 are	 currently	
feeling”.	SRB	refers	to	the	statement,	“Please	indicate	how	burdensome	you	feeling	care	for	loved	
one	is	at	the	moment”.	PU,	process	utility,	 is	a	derived	measure	representing	the	value	a	carer	
attaches to the process of informal caregiving.
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Supplemental Figure 1  Distribution of CarerQol-7D dimensions by sampling 
framework (General population N=753; Hospital N=576; Primary care N=1,940)
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Supplemental Figure 2  Distribution of CarerQol-7D dimensions by survey 
mode (Questionnaire N=1,895; Interview N=300)
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Measuring frailty:  
Validating TOPICS Frailty Index
4.1
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To the Editor: 
Frailty refers to a state of increased vulnerability to adverse health outcomes.1 
Although clinically assessing a breadth of health complexities is a robust 
method to measure frailty1, such a detailed assessment is timely and cost-pro-
hibitive in large studies. Thus, a growing body of literature has begun to apply 
a	frailty	 index	(FI)	based	on	the	concept	of	 ‘deficit	accumulation’.2-5	Deficits	 in	
health may include a range of symptoms, morbidities or functional limitations.6 
Since	such	deficits	can	be	easily	extracted	from	survey	data,	we	sought	to	assess	
construct validity between a FI derived from a minimal dataset versus a clinical 
assessment, our reference standard.
Methods
Data were derived from the Easycare Two-Step Older Persons Screening Study.7 
Patients >70 years were randomly sampled from six primary care practices in 
Nijmegen,	Netherlands	to	test	a	new	frailty	identification	tool.	All	participants	
received a clinical assessment and were also asked to complete The Older 
Persons and Informal Caregivers Survey Minimal DataSet (TOPICS-MDS) as 
part of a national initiative to create a minimal dataset on older persons’ health. 
Details on this initiative are available elsewhere.8 TOPICS-MDS collected 
information	on	morbidity	status,	functional	limitations	using	a	modified	version	
of	the	Katz	Activities	of	Daily	Living	(ADL)	Index9 and quality of life using the 
EuroQoL 5D+C instrument.10  
 We derived FIs from the clinical assessment and TOPICS-MDS using a 
validated	method	previously	defined	by	Mitnitski	 et	 al.2 In brief, the sum of 
deficits	observed	in	a	participant	is	divided	by	the	total	number	of	deficits	under	
review to calculate a proportion. The Clinical-FI was constructed using 45 
deficits.	 Since	analyzing	 the	 statistical	 interaction	between	 frailty,	basic	ADL,	
and morbidity status may be of future interest for researchers, we constructed 
a	 Long	 and	 Short	 TOPICS-FI	 using	 46	 and	 23	 deficits	 respectively.	 The	 Long	
TOPICS-FI comprised of morbidity status, basic and instrumental ADL, and 
quality of life, whereas the Short TOPICS-FI comprised of only instrumental 
ADL and quality of life.
 To assess construct validity of the Long and Short TOPICS-FIs, we performed 
a Pearson’s correlation with the Clinical-FI. We examined their distribution 
across sex and age group (70-74; 75-79; 80+ years) as these are established risk 
factors for frailty.5	Significant	differences	in	mean	FI	scores	by	sex	and	age	group	
were determined using a t-test and ANOVA (SAS V9.2; Carey, NC). 
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Results
Of the 587 participants sampled, the majority had no missing data points for the 
FIs (Clinical: 92.2%; Long and Short TOPICS: 62.2%). The maximum FI scores 
recorded for the clinical assessment, Long and Short TOPICS were 0.58, 0.52 and 
0.68 respectively. There was a moderate correlation between the Clinical-FI and 
the Long and Short TOPICS-FIs (r=0.75, p<0.0001; r=0.73, p<0.0001 respectively). 
Expectedly, the two TOPICS-FIs were highly correlated (r=0.93, p<0.0001). The 
overall distribution for both TOPICS-FIs were tailed to the right (data not 
shown),	 though	 became	 more	 normalized	 when	 stratified	 by	 age	 (Figure	 1,	
results	 shown	 for	 Long	 TOPICS-FI	 only).	 Mean	 scores	 (±SD)	 significantly	
differed	 across	 sex	 and	 age	 for	 both	 the	 Long	 TOPICS-FI	 [(Men: 0.14(0.07); 
Women: 0.16(0.08); p=0.003) (70-74: 0.12(0.05); 75-79: 0.15(0.06); 80+: 0.21(0.09); 
p<0.001)] and the Short TOPICS-FI [(Men: 0.22(0.11); Women: 0.25(0.11); p=0.013) 
(70-74: 0.19(0.08); 75-79: 0.23(0.10); 80+: 0.31(0.12); p<0.001)]. 
Figure 1   Frequency distribution of a 46-item frailty index derived from  
The Older Persons and Informal Caregivers Survey according to 
5-year age groups and sex (N = 587)
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Discussion
Our	findings	 support	 that	 a	 FI	 derived	 from	TOPICS-MDS	 can	 assess	 frailty	
with reasonable accuracy. Similar to previous research, the overall distribution 
of frailty was skewed and there were clear patterns by age and sex.2-4 Our 
analysis further suggests that it seems possible to create a valid FI independent 
of morbidity and basic ADL, which would facilitate future analyses of their 
interaction.  Moreover, since data points may be limited, yielding valid results 
using	different	base	criteria	is	informative	for	researchers	seeking	to	calculate	a	
FI from secondary data sources.
 There are several inherent advantages to using a short, standardized survey, 
like	TOPICS-MDS,	to	derive	a	FI:	ease	of	administration,	cost-effectiveness,	and	
efficiency	 (i.e.	 clinical	 review	 of	 case	 notes	 is	 not	 required).	 Still,	 given	 its	
sampling frame, construct validity of TOPICS-FIs should be examined in a 
broader population to ensure generalizability. Although out of the scope of this 
study, assessing the predictive validity of the Short and Long TOPICS-FIs for 
subsequent	risk	of	mortality	and/or	other	adverse	outcomes	would	be	of	benefit.	
This would be particularly relevant for the Short TOPIC-FI, since indices based 
on fewer items may produce less stable estimates of frailty.6
Frailty has become a central topic in elderly health research. The ability to 
accurately identify frailty among older persons from minimal survey data can 
guide interventions leading to improved health outcomes.
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The interplay between  
frailty, activities of daily living,  
and multi-morbidity
4.2
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Abstract
Purpose: To assess the independent and combined impact of frailty, multi-
morbidity, and ADL limitations on self-reported quality of life and health care 
costs.
Setting: Cross-sectional interview data from The Older Persons and Informal 
Caregivers	Minimum	DataSet,	a	pooled	dataset	with	information	from	41	different	
research projects funded by the National Care for the Elderly Programme.
Methods:	Analyses	were	stratified	by	living	situation	(independent	or	residential	
care facility). Directionality and magnitude of associations were assessed using 
linear	mixed	models,	allowing	for	clustering	effects	between	studies.	Quality	of	
life and health care costs were regressed on frailty, multimorbidity, ADL limitations, 
and the interactions between these domains.
Results: 11.093 older persons were interviewed. Frailty, multimorbidity, and 
ADL limitations were reported for a substantial proportion of older persons 
living independently (56.4%; 88.3%; 41.4% respectively) and older persons living 
in a residential care facility (88.7%; 89.2%; 77.3% respectively). One-third of older 
persons living at home (31.9%) reported all three conditions compared to 
two-thirds of older persons living in a residential care facility (68.3%). In the 
multivariate analysis, frailty had an independent, strong impact on outcomes. 
Irrespective of living situation, older persons experiencing problems across the 
three domains reported the poorest quality of life scores and the highest health 
care costs. 
Conclusion: Frailty, multimorbidity, and ADL limitations are complementary 
measures which provide a more holistic understanding of health status. As such, 
taking this multi-dimensional approach in explaining quality of life and health 
care costs can help elucidate these complex relationships.
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Introduction
Multimorbidity and limitations in Activities of Daily Living (ADL) are widely 
measured in clinical and public health research. However, as an increasing 
proportion of older persons present with multiple chronic conditions1, such 
measurements may only provide a limited portrayal of the health and wellbeing. 
Thus, it is natural progression to move towards a broader, multidimensional model 
which encompasses the complexity of health states that health practitioners 
currently face.2-4 In this context, measuring and monitoring frailty in older persons 
has been widely recognized as a useful indicator of the health status of older 
persons.5 
	 However,	to	date,	there	is	no	general	consensus	on	the	precise	definition	or	
the	optimal	method	of	 identification	of	frailty	 in	older	persons.6 More narrow 
definitions	focus	on	pathophysiological	changes	whereby	older	persons	exposed	
to stressor have a predisposition to adverse health outcomes.6 In contrast, 
broader	definitions	incorporate	mental	health	and	social	functioning.6-8 In this 
article,	 frailty	was	 identified	using	a	 frailty	 index,	which	defines	frailty	as	an	
accumulation	of	health	deficits	across	multiple	physiological	domains.7
 Undoubtedly, there is an underlying relationship between frailty, morbidity 
status, and disability, i.e. frail older persons are more likely to also have chronic 
co-morbidity and ADL limitations.9,10 However, there has been limited research 
assessing the additional value of measuring frailty over solely multimorbidity 
or ADL limitations.9,10 Thus, to demonstrate the interaction between frailty, 
multimorbidity, and ADL limitations, we assessed the independent and combined 
impact of these three domains on self-reported quality of life and health care 
costs.
Methods
Data source
Data were derived from TOPICS-MDS (www.topics-mds.eu), which is a public 
data repository designed to capture essential information on the physical and 
mental wellbeing of older persons and informal caregivers in the Netherlands. 
A detailed description of TOPICS-MDS has been presented elsewhere.11	Briefly,	
the Dutch National Care for the Elderly Programme (http://www.nationaal-
programmaouderenzorg.nl) was established in 2008 to promote proactive, 
integrated health care for older persons with complex care needs. As part of this 
national agenda, TOPICS-MDS was developed to collect uniform information 
from all research projects funded under the Programme. Thus, TOPICS-MDS 
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consists	of	pooled	data	from	various	research	projects	which	differ	across	study	
design, sampling framework, and inclusion criteria. All data were cleaned 
locally using a standardized protocol. Anonymized individual-level data were 
then submitted to a central institution (Radboud University Medical Center, 
Nijmegen, Netherlands) for further validation checks and creation of the pooled 
dataset. Since various research projects submit information to TOPICS-MDS, 
the database is dynamic in nature and thus regularly updated with new 
observations.	The	present	analysis	uses	the	first	version	of	the	dataset	available	
as of January 2013 and is based on 41 research projects. TOPICS-MDS is a fully 
anonymised dataset available for public access, and therefore this analysis was 
exempt from ethical review (Radboud University Medical Center Ethical 
Committee review reference number: CMO: 2012/120).
Definitions
Multimorbidity was measured using an adapted version of the Lokale en Nationale 
Monitor Gezondheid (i.e. a health monitoring survey) to identify 17 chronic diseases. 
Older	persons	were	defined	as	multimorbid	if	 they	reported	having	two	or	more	
chronic conditions.12
	 ADL	limitations	were	 identified	using	the	Katz	Index	of	Independence	in	
Activities of Daily Living.13 This index assesses six basic functions: bathing, 
dressing, toileting, continence products, transfer, and eating. Older persons 
were	identified	as	having	an	ADL	limitation	if	they	reported	having	at	least	one	
of these six limitations. 
 To assess the additional value of measuring frailty, we constructed a frailty 
index.14 The frailty index is one of several methods widely used in population 
studies to estimate frailty and has been validated for use in TOPICS-MDS.15 
Briefly,	 a	 frailty	 index	 is	 calculated	 by	 reviewing	 health	 problems	 affecting	
different	physiological	 systems;	 the	 total	number	of	problems	observed	 in	an	
individual is then divided by the total number of problems reviewed to calculate 
a proportion (e.g. 10 problems observed /40 problem reviewed = 0.25).16 For the 
purposes	of	this	analysis,	we	defined	frailty	as	a	frailty	index	score	>0.25. Using 
this standardized method, we constructed a 23-item frailty index using 
TOPICS-MDS data available on instrumental ADLs, quality of life, psychological 
health, self-perceived health status, and social functioning. Further details on 
how these indicators were measured have been described elsewhere.11 
	 The	 first	 outcome	 of	 interest,	 self-perceived	 quality	 of	 life,	 was	 assessed	
with	 a	 modified	 version	 of	 Cantril’s	 Self	 Anchoring	 Ladder.17 Older persons 
were asked to rate their current quality of life on a scale between zero (worst 
possible state) and ten (best possible state). 
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 The second outcome of interest, overall health care costs, comprised of 
 hospitalizations, emergency GP care, home care, day care, and temporary/
permanent stay in a care or nursing home reported in the 12 months prior to 
assessment.18 Using a top-down costing method, standard costing rates were 
applied to each service the older person reported.
Analyses
Given that measurement bias is known to vary by survey mode19, it was decided 
a priori to analyze interview data and written questionnaire data separately. 
Results shown in this paper are based on interview data; results based on 
written questionnaire data are available as web supplement. Analyses were 
further	stratified	by	living	situation	(i.e.	community-dwelling	or	residential	care	
facility)	 due	 to	 different	 social	 dynamics	 and	 baseline	 differences	 in	 cost	 in	
these settings. Persons residing in nursing homes were excluded due to small 
numbers. Descriptive data were derived. Based on a complete case analysis, 
directionality and magnitude of associations were assessed using linear mixed 
models,	which	 allowed	 for	 clustering	 effects	 between	 studies.	Quality	 of	 life	
(Model 1) and health care costs (Model 2) were regressed on frailty, multi-
morbidity, ADL limitations, and the interactions between these domains. In both 
models, adjustments were made for the age, sex, and educational level. Statistical 
analyses were carried out using SPSS (Version 21.0. Armonk, NY: IBM Corp). 
Results
11,093 older persons were interviewed for TOPICS-MDS with an average age of 
80 years (standard deviation 6 years) (Table 1). Approximately one-third (36.3%) 
were	men,	 one-fifth	 (18.3%)	 had	pre-university	 training	 or	 higher	 and	 nearly	
half (46.4%) were widowed. Compared to persons living independently, older 
persons living in a residential care facility were older and more likely to be 
female, have lower education, be widowed, and have poorer self-reported 
health. Frailty, multimorbidity, and ADL limitations were reported for a 
substantial proportion of older persons living independently (56.4%; 88.3%; 
41.4% respectively). Proportions were notably higher among older persons 
living in a residential care facility (88.7%; 89.2%; 77.3% respectively).
 Older persons living independently were more likely to exclusively report 
having multimorbidity (i.e. no observed frailty or ADL limitations) compared to 
older persons living in a residential care facility (26.6% versus 5.0% respectively, 
Table 2). Whereas one-third of older persons living at home (31.9%) reported 
frailty, multimorbidity, and ADL limitations, two-thirds of older persons living 
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Table 1   Sociodemographic characteristics of participants who were 
interviewed by living situation, TOPICS-MDS, 2014
Total
(n=11,093)
Community- 
dwelling
(n=9,622)
Residential care 
facility
(n=1,471)
Percentage
Men 36.3 38.0 24.8
Education
Primary school or lower 37.5 35.4 50.5
Secondary 44.2 44.9 39.3
   Some college / College 18.3 19.6 10.2
Marital status
   Married / Cohabiting 42.1 45.9 17.2
   Divorced / Single 11.5 11.2 13.2
   Widowed 46.4 42.9 69.6
Nationality
   Native Dutch 90.7 90.1 94.5
   First generation 5.5 5.8 3.7
   Second generation 3.8 4.1 1.8
Self-reported health 
   Excellent / Very good 9.7 10.3 5.2
   Good 48.6 50.8 34.6
   Fair / Poor 41.7 38.9 60.2
Self-reported health relative to previous year
   Much better/Somewhat better 9.5 9.4 9.8
   Same 46.9 48.2 38.6
   Somewhat worse/Much worse 43.6 42.4 51.6
Frailty 60.3 56.4 88.7
Multimorbidity 88.4 88.3 89.2
ADL limitations 46.2 41.4 77.3
Average (SD)
Age (years) 80 (6) 79 (6) 86 (6)
Quality of life 0.6 (0.3) 0.6 (0.3) 0.6 (0.3)
Psychological wellbeing 74.0 (18.2) 74.4 (17.9) 71.1 (19.4)
Note:	Frailty	was	defined	as	a	score	≥0.25	on	23-item	frailty	index	derived	from	TOPICS-MDS.	
Multimorbidity	was	defined	as	the	presence	of	>2 chronic conditions. Limitations in ADL were 
defined	as	requiring	assistance	with	>1	item	on	the	6-item	Katz	Activities	of	Daily	Living	Index.	
Quality of life as measured using the EQ-5D summary score (score range -0.33 to 1.0, higher is 
better). Psychological wellbeing was measured using the Rand-36 Mini-Mental Health Scale 
(score range 0-100, higher is better).
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in a residential care facility (68.3%) reported all three conditions. Thus, older 
persons living in a residential care facility were less likely to have one or two 
conditions and more likely to have all three conditions.   
 In the mixed model examining quality of life, older persons living independently 
who did not report multimorbidity, ADL limitations or frailty were the reference 
group; their average quality of life score was 7.5 (95% CI: 6.7; 8.3) (Table 3). Frailty 
had the largest independent impact on quality of scores [-0.9 points (95% CI: 
-1.1; -0.7) less than reference score, i.e. 6.6 average score] whereas limitations in 
ADLs had the least independent impact [0.03 points (95% CI: -0.3; 0.3)]. However, 
older persons reporting frailty, multimorbidity, and ADL limitations had the 
lowest quality of life scores; on average their score was -1.2 points (95% CI: -1.3; 
-1.1) less than the reference score. Similar patterns were observed for older 
persons living in a residential care facility.
Table 2   The distribution of frailty, multimorbidity and ADL limitations in 
participants who completed an interview by living situation
Total
(n=11,093)
%
Community- 
dwelling
(n=9,622)
%
Residential care 
facility
(n=1,471)
%
No complications 6.9 7.4 3.0
Frailty only 1.7 1.7 1.9
Multimorbidity only 23.9 26.6 5.0
ADL limitations only 0.6 0.6 0.6
Multimorbidity and ADL 
limitations
7.0 7.6 2.8
Frailty and multimorbidity 21.4 22.5 13.6
Frailty and ADL limitations 2.0 1.6 4.8
Frailty, multimorbidity and 
ADL limitations
36.4 31.9 68.3
Total 100% 100% 100%
Note:	Categories	are	mutually	exclusive.	Frailty	was	defined	as	a	score	≥0.25	on	23-item	frailty	
index	 derived	 from	TOPICS-MDS.	Multimorbidity	was	 defined	 as	 the	 presence	 of	>2 chronic 
conditions.	Limitations	in	ADL	were	defined	as	a	participant	requiring	assistance	with	at	least	
one	item	on	the	6-item	Katz	Activities	of	Daily	Living	Index.
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In the mixed model examining health care costs, older persons living 
independently who did not report multimorbidity, ADL limitations or frailty 
were the reference group; their average health care costs per annum were €2,018 
(95% CI: -€427; €4,464) (Table 4). ADL limitations had the largest independent 
impact on health care costs. On average, older persons living independently 
who only reported limitations in ADLs spent €578 (95% CI: -€838; €1,993)] more 
on health-related services. Multimorbidity had the least independent impact 
[€288 (95% CI: -€181; €758)]. Older persons with all three conditions (frailty, 
multimorbidity, and ADL limitations) reported the highest health care costs; on 
average they spent €2,772 (95% CI: €2,301; €3,243) more than the reference group.
 For older persons living in a residential care facility, the average cost of care 
per annum was largely driven by residence costs (approximately €30,000 per 
annum). In contrast to older persons living independently, frailty had the largest 
independent impact on health care costs among older persons living in a 
residential care facility. On average, frail older persons spend €2,220 (95% CI: 
-€1,831; €6,271) more than individuals without any of these conditions. Similarly 
to older persons living independently, older persons living in a residential care 
facility with all three conditions reported the highest health care costs.
Table 3   The association between self-reported quality of life scores and 
frailty, multimorbidity, and ADL limitations by living situation 
(based on interview data only)
Community-dwelling Residential care 
 facility
No complications (reference group) 7.5 (6.7; 8.3) 7.7 (6.7; 8.7)
Frailty only -0.9 (-1.1; -0.7) -0.5 (-1.3; 0.3)
Multimorbidity only -0.3 (-0.4; -0.2) -0.3 (-0.8; 0.3)
ADL limitations only 0.03 (-0.3; 0.3) -0.6 (-1.6; 0.5)
Multimorbidity and ADL limitations -0.3 (-0.5; -0.2) -0.2 (-0.9; 0.4)
Frailty and multimorbidity -1.1 (-1.2; -0.9) -1.1 (-1.6; -0.6)
Frailty and ADL limitations -0.8 (-1.0; -0.6) -0.6 (-1.2; -0.04)
Frailty, multimorbidity and ADL 
limitations
-1.2 (-1.3; -1.1) -1.2 (-1.6; -0.7)
Note: Quality of life is rated from zero to ten, with higher scores represented higher quality of 
life.	Results	show	the	average	difference	(95%	confidence	interval)	relative	to	the	reference	group.	
The	model	has	been	corrected	for	age,	sex,	education,	and	random	effects	by	project.	
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 Patterns in quality of life scores were broadly similar among older persons 
who	 completed	 a	 written	 questionnaire.	 However,	 some	 costing	 differences	
were observed in this subgroup. Data on older persons who completed a 
questionnaire are available as web supplements (Tables S1-S4).
Discussion
This	 study	 supports	 that	 measuring	 the	 combined	 influence	 of	 frailty,	
multimorbidity, and ADL limitations is advantageous in understanding quality 
of	life	and	health	services	utilization.	By	examining	the	independent	effects	and	
the interactions between these three conditions, it is evident that frailty serves 
as	in	important	independent	contributor	to	health	outcomes,	and	this	finding	is	
not unique to this study. Frailty has been shown to represent a distinct condition 
separate from the culmination of morbidities or ADL limitations9 and to be 
independently associated with increased risk of functional dependency10, falls20, 
institutionalization21, and death.14 Such adverse outcomes may be due to 
diminished autonomy and self-management in frail individuals leading to less 
successful aging.22 Thus, although multimorbidity and ADL limitations are 
more	frequently	monitored,	such	findings	should	encourage	clinicians,	public	
Table 4   The association between care costs (€) and frailty, multimorbidity, 
and ADL limitations by living situation (based on interview data only)
Community-dwelling Residential care  
facility
No complications (reference group) 2,018 (-427; 4,464) 32,631 (29,696; 35,566)
Frailty only 346 (-587; 1,280) 2,220 (-1,831; 6,271)
Multimorbidity only 288 (-181; 758) -270 (-3,472; 2,932)
ADL limitations only 578 (-838; 1,993) 286 (-5,740; 6,311)
Multimorbidity and ADL limitations 694 (111; 1,276) 292 (-2,311; 4,978)
Frailty and multimorbidity 1,326 (844; 1,808) 627 (-2,178; 3,430)
Frailty and ADL limitations 1,081 (109; 2,053) 1,244 (-1,992; 4,480)
Frailty, multimorbidity and ADL 
limitations
2,772 (2,301; 3,243) 2,629 (21; 5,237)
Note:	Results	show	the	average	difference	(95%	confidence	interval)	in	care	costs	relative	to	the	
reference	group.	The	model	has	been	 corrected	 for	 age,	 sex,	 education	 and	 random	effects	 by	
project.
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health practitioners and health policy makers to develop a framework to more 
regularly monitor frailty.
 Nonetheless, this study is subject to several inherent limitations. Firstly, 
there are two prevailing approaches to identify frailty: a narrow approach 
which mainly focuses on physical vulnerability (e.g. the phenotype model) and 
broad-based approach (e.g. the Tilburg Frailty Indicator and the frailty index 
used	in	this	study).	The	former	defines	frailty	using	five	physiological	indicators3 
whereas the latter typically includes both physiological and general well-being 
indicators.25	Given	 the	 structure	 of	TOPICS-MDS,	 only	 the	 cumulative	deficit	
model (i.e. frailty index) could be applied. Yet, despite distinct approaches in 
measuring frailty, it is important to note that there is a considerable degree of 
overlap and statistical convergence between them.6,23 Moreover, compared to 
the	 phenotype	 model,	 the	 cumulative	 deficit	 model	 may	 better	 differentiate	
between moderate and severe levels of frailty.26    
 Secondly, frailty indices are often based on at least 30 health criteria16, and 
thus the frailty index applied in this study is relatively short and covers a 
limited number of domains. Reassuringly, however, the frailty index used in 
this analysis displayed similar distributional properties and was correlated 
with	a	longer	(46-item)	frailty	index	as	well	as	frailty	identified	through	clinical	
assessment.15	Although	such	findings	support	 the	validity	of	 the	frailty	 index	
used in this study, further research is needed to assess the predicative validity 
of a 23-item frailty index to ensure its robustness in longitudinal research. 
Currently, only cross-sectional data are available in TOPICS-MDS. However, 
given the dynamic nature of the database, follow-up data will be available in 
late 2014 to investigate this issue. 
	 Lastly,	TOPICS-MDS	is	a	pooled	dataset	of	research	projects	with	different	
sampling protocols and certain oversampled sub-groups (e.g. frail older 
persons). Thus, the prevalence of frailty, multimorbidity, and ADL limitations 
reported	in	this	analysis	are	not	reflective	of	the	overall	Dutch	population.	For	
this reason, it was unsurprising that frailty in our study population was higher 
than estimates based on the general population.7 Investigations are underway 
to determine if demographic weighting can be applied to the database to 
facilitate	health	policy	and	resource	planning.	Still,	the	associations	identified	
in this study should not be underestimated.27 The multivariable model not only 
accounted	for	differences	in	the	prevalence	of	frailty,	multimorbidity,	and	ADL	
limitations but also key demographic characteristics (sex, age, and educational 
status	and	clustering	effects	between	studies).	Moreover,	when	 the	data	were	
restricted to older persons sampled from the general population, similar 
associations were observed (data not shown). In light of research in other 
settings which has highlighted the combined impact of frailty, multimorbidity, 
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and ADL limitations9, it is highly probable that associations observed in this 
paper are relevant for the Dutch population as well as other high-income 
countries.  
	 In	conclusion,	these	findings	support	a	clear	advantage	for	using	a	multi-di-
mensional approach in understanding quality of life and health care costs of 
older people. Frailty, multimorbidity, and ADL limitations should each be 
viewed as complementary measures which provide a more holistic understanding 
of health status. To further elucidate the complex relationship between frailty, 
multimorbidity, and ADL limitations on quality of life and health services costs, 
additional	longitudinal	studies	would	be	of	benefit.
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Supplemental Table 1  Sociodemographic characteristics of participants 
who completed a written questionnaire by living situation
Total
(n=16,959)
Community- 
dwelling
(n=16,322)
Residential care 
facility
(n=637)
Percentage
Men 44.0 44.5 31.1
Education
Primary school or lower 31.1 30.1 53.4
Secondary 47.9 48.4 36.9
   Some college / College 21.0 21.5 9.7
Marital status
   Married / Cohabiting 59.0 60.0 33.8
   Divorced / Single 10.7 10.5 15.6
   Widowed 30.3 29.5 50.6
Nationality
   Native Dutch 91.0 90.9 94.6
   First generation 4.3 4.3 2.9
   Second generation 4.7 4.7 2.5
Self-reported health 
   Excellent / Very good 14.3 14.7 5.4
   Good 43.0 43.5 31.2
   Fair / Poor 42.7 41.8 63.4
Self-reported health relative to previous year
   Much better/Somewhat better 8.8 8.9 5.5
   Same 63.4 64.0 49.0
   Somewhat worse/Much worse 27.8 27.0 45.5
Frailty 33.8 32.1 72.4
Multimorbidity 66.2 65.5 81.6
ADL limitation 26.6 25.1 64.5
Mean (SD)
Age (years) 76 (7) 76 (6) 84 (6)
Quality of life score 0.8 (0.2) 0.8 (0.2) 0.7 (0.2)
Psychological wellbeing 74.5 (17.7) 74.8 (17.6) 68.3 (19.4)
Note:	Frailty	was	defined	as	a	score	≥0.25	on	23-item	frailty	index	derived	from	TOPICS-MDS.	
Multimorbidity	was	defined	as	the	presence	of	>2 chronic conditions. Limitations in ADL were 
defined	as	requiring	assistance	with	>1	item	on	the	6-item	Katz	Activities	of	Daily	Living	Index.	
Quality of life as measured using the EQ-5D summary score (score range -0.33 to 1.0, higher is 
better). Psychological wellbeing was measured using the Rand-36 Mini-Mental Health Scale 
(score range 0-100, higher is better).
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Supplemental Table 2  Characteristics of participants who completed a 
written questionnaire by living situation
Total
(n=16,959)
Community- 
dwelling
(n=16,322)
Residential care 
facility
(n=637)
No complications (reference group) 26.6 27.4 9.4
Frailty only 2.2 2.2 2.1
Multimorbidity only 27.7 28.4 10.6
ADL limitations only 2.8 2.9 1.7
Multimorbidity and ADL limitations 8.6 8.7 5.7
Frailty and multimorbidity 13.0 13.0 12.8
Frailty and ADL limitations 1.4 1.3 3.8
Frailty, multimorbidity and ADL limitations 17.6 16.0 54.0
Total 100% 100% 100%
Note: Categories are mutually exclusive. Percentages are reported.
Supplemental Table 3  The association between self-reported quality of life 
scores and frailty, multimorbidity, and ADL limitations by living situation 
(based on written questionnaire data only)
Community-dwelling Residential care 
 facility
No complications (reference group) 8.0 (7.8; 8.2) 8.3 (7.7; 8.9)
Frailty only -1.2 (-1.3; -1.1) -1.0 (-1.9; -0.03)
Multimorbidity only -0.3 (-0.4; -0.3) -0.2 (-0.8; 0.3)
ADL limitations only -0.3 (-0.4; -0.2) 0.02 (-1.0; 1.0)
Multimorbidity and ADL limita-
tions
-0.4 (-0.5; -0.3) -0.5 (-1.2; 0.1)
Frailty and multimorbidity -1.4 (-1.5; -1.3) -1.4 (-1.9; -0.9)
Frailty and ADL limitations -1.5 (-1.7; -1.3) -1.4 (-2.1; -0.6)
Frailty, multimorbidity and ADL 
limitations
-1.5 (-1.6; -1.5) -1.8 (-2.2; -1.3)
Note:	The	average	differences	 (95%	confidence	 interval)	 in	quality	of	 life	 scores	are	presented	
relative to participants reporting no complications. The model has been corrected for age, sex, 
education,	and	random	effect	by	study	project.
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Supplemental Table 4  The association between care costs (€) and frailty, 
multimorbidity and ADL limitations by living situation (based on written 
questionnaire data only)
Community-dwelling Residential care 
 facility
No complications (reference group) 1,595 (-1,533; 4,723) 35,704 (22,031; 49,377)
Frailty only -1,118 (-2,337; 102) -3,483 (-18,112; 11,145)
Multimorbidity only -546 (-1,015; -77) -1,425 (-9,446; 6,596)
ADL limitations only -876 (-1,958; 206) 1,386 (-13,942; 16,714)
Multimorbidity and ADL limitations -1,149 (-1,835; -463) 6,066 (-3,697; 15,828)
Frailty and multimorbidity -560 (-1,170; 51) 8,099 (356; 15,841)
Frailty and ADL limitations 422 (-1,109; 1,953) 6,382 (-4,508; 17,273)
Frailty, multimorbidity and ADL 
limitations
449 (-147; 1,045) 1,473 (-5,266; 8,212)
Note:	The	average	differences	 (95%	confidence	 interval)	 in	 care	 costs	are	presented	 relative	 to	
participants reporting no complications. The model has been corrected for age, sex, education, 
and	random	effect	by	study	project.
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Abstract
Background: Preference-weighted multi-faceted endpoints have the potential to 
facilitate	 comparative	effectiveness	 research	 that	 incorporates	patient	preferences.	
The Older Persons and Informal Caregivers Survey – Composite endpoint 
(TOPICS-CEP) is potentially a valuable outcome measure for evaluating 
interventions in geriatric care as it combines multiple outcomes relevant to older 
persons in a single metric. The objective of this study was to validate TOPICS- 
CEP	 across	 different	 study	 settings	 (general	 population,	 primary	 care	 and	
hospital).
Methods: Data were extracted from TOPICS Minimum Dataset (MDS), a pooled 
public-access national database with information on older persons throughout 
the Netherlands. Data of 17,603 older persons were used. Meta-correlations were 
performed between TOPICS-CEP indexed scores, EuroQol5-D utility scores and 
Cantril’s ladder life satisfaction scores. Mixed linear regression analyses were 
performed to compare TOPICS-CEP indexed scores between known groups, e.g. 
persons with versus without depression.
Results:	In	the	complete	sample	and	when	stratified	by	study	setting	TOPICS-CEP	
and Cantril’s ladder were moderately correlated, whereas TOPICS-CEP and 
EQ-5D were highly correlated. Higher mean TOPICS-CEP scores were found in 
persons who were: married, lived independently and had an education at 
university level. Moreover, higher mean TOPICS-CEP scores were found in 
persons without dementia, depression, and dizziness with falls. Similar results 
were	found	when	stratified	by	subgroup.
Conclusion: This study supports that TOPICS-CEP is a robust measure which 
can	be	used	in	broad	settings	to	identify	the	effect	of	intervention	or	of	prevention	 
in elderly care.
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Introduction
Aging of the population has a major impact on the organization and delivery of 
healthcare.  The shift from acute to chronic illnesses and the expected shortage 
of healthcare workers will be of particular importance.1 To ensure high quality 
care for older persons, the evaluation and monitoring of three aspects of health 
care delivery need to be regularly evaluated: structure, process, and outcomes.2 
However, comparing outcomes in older persons is challenging. Firstly, the 
health states of older persons are complex, as older individuals often present 
different	combinations	of	chronic	multi-morbidity	and	functional	limitations.3 
Secondly,	 interventions	often	 influence	a	broad	range	of	health	domains	both	
directly and indirectly. For example, occupational therapy aims to enable people 
who have physical restrictions to achieve greater independence. By engaging in 
meaningful social activities, health and psychological wellbeing are also 
indirectly	and	positively	influenced.4 Thus, occupational therapy can improve 
both physical and mental wellbeing. The two obstacles can be circumvented if 
the important outcome parameters are collected and combined into a prefer-
ence-weighted composite endpoint (CEP).5,6
 In 2008, the Dutch Care for the Elderly Programme was commissioned by 
the Ministry of Health, Welfare and Sport with the guiding principles of 
improving care, quality of life, and self-management among older persons. As 
part of this Programme, The Older Persons and Informal Caregivers Survey 
Minimum Data Set (TOPICS-MDS) was developed to uniform collection of 
outcome measures.7 To promote comparability between research studies, a pref-
erence-weighted CEP was established for TOPICS-MDS based on the health 
state valuations of older persons and informal caregivers. This CEP (referred to 
as TOPICS-CEP) was designed as a multi-faceted outcome measure applying 
weights	derived	from	older	persons’	priorities	for	different	outcomes	to	assist	in	
the evaluation of interventions in older persons.8
 TOPICS-CEP has been previously developed using a vignette study in 
which	200	persons	participated.	Profiles	of	older	persons	(vignettes)	were	used	
to obtain the preference weights for TOPICS-CEP’s components.8 The aim of this 
current study was to determine TOPICS-CEP’s convergent and known-groups 
validity in large heterogeneous samples of older persons aged 65 years and 
older and across general population, primary care and hospital setting.
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Methods
Data source
Data were derived from TOPICS-MDS (www.topics-mds.eu), which is a public 
data repository designed to capture essential information on the physical and 
mental wellbeing of older persons and informal caregivers in the Netherlands. 
A detailed description of TOPICS-MDS has been presented elsewhere.7	Briefly,	
TOPICS-MDS consists of pooled data from various research projects which 
differ	across	study	design,	sampling	framework,	and	inclusion	criteria.	All	data	
were cleaned locally using a standardized protocol. Anonymized individual-level 
data were then submitted to a central institution (Radboud University Medical 
Center, Nijmegen, the Netherlands) for further validation checks and creation of 
the pooled dataset. Since various research projects submit information to 
TOPICS-MDS, the database is dynamic in nature and thus regularly updated 
with new observations. 
	 Our	 present	 analysis	 uses	 the	 first	 version	 of	 the	 dataset	 available	 as	 of	
January 2013 and is based on 41 studies with data available on 32,310 older persons. 
Studies which omitted TOPICS-CEP data points by design were excluded from 
this	study.	This,	resulted	in	a	final	study	sample	of	17,603	older	persons.
 TOPICS-MDS is a fully anonymized dataset available for public access, and 
therefore this analysis was exempt from ethical review (Radboud University 
Medical Center Ethical Committee review reference number: CMO: 2012/120).
Measures  
TOPICS-CEP
TOPICS-CEP score is a preference-weighted index ranging from 0 (worst 
possible state) to 10 (best possible state) that combines 42 data points representing 
eight	domains:	morbidities	(list	of	17	pre-defined	conditions	widely	used	in	the	
Netherlands),9 functional	limitations	(Katz	index	of	independence),10 emotional 
wellbeing (mental health subscale of the RAND-36),11 pain experience (pain 
dimension of the EQ-5D),12 cognitive problems (cognition dimension of the 
EQ-5D+C),12 social functioning (item 10 from the RAND-36),11 self-perceived 
health (item from the RAND-36)11 and  self-perceived quality of life (phrasing 
similar to self-perceived health item from the RAND-36).11 The components 
vary in scale range and preference weight. More detailed information about 
TOPICS-CEP, including a description of the data points, can be found 
elsewhere.13	Briefly,	TOPICS-CEP	score	is	calculated	in	four	steps.	Firstly,	data	
points are coded in the same direction by means of reversed scoring. Secondly, all 
items that belong to the same health domain are aggregated into one component. 
Thus, 17 morbidity items are combined into the component number of morbidities, 
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15 items regarding functional limitations into number of functional limitations, 
and 5 emotional well-being items into raw emotional well-being score. Thirdly, a 
raw TOPICS-CEP score is calculated by means of applying the preference 
weights for the Dutch population aged 65 years and over.  
Raw TOPICS-CEP score = 9.00 (Intercept) – [0.13 x morbidities] – [0.12 x functional 
limitations] – [0.03 x emotional wellbeing] – [0.03 x pain experience] – [0.14 x cognitive 
problems] – [0.01 x social functioning] – [0.17 x self-perceived health] – [0.02 x 
self-perceived quality of life]. 
Finally, the raw TOPICS-CEP score is transformed into an indexed score 
(referred to as TOPICS-CEP score) ranging 0 to10. 
TOPICS-CEP score = [(raw TOPICS-CEP score – minimum raw TOPICS-CEP 
score)/raw score range] x 10. = [(raw TOPICS-CEP score – 2.58)/5.90] x 10.
In this current study, only missing data points were allowed for the aggregated 
TOPICS-CEP components morbidities, functional limitations and emotional 
wellbeing.	The	thresholds	used	were	less	than	five	missing	values	for	morbidities	
and functional limitations respectively, and less than two missing values for 
emotional wellbeing. Estimation for these data points was done by pro-rating 
the score. For instance, the component functional limitations includes 15 items 
and the scale range is zero to 15; when 12 items are answered and the sum of the 
answered items is six, then score pro-rating =[(6/12) x 15]=7.5.
Other measures
The Cantril’s life satisfaction score is a one-dimensional index ranging from 
zero	(completely	unsatisfied	with	life)	to	ten	(completely	satisfied	with	life)	and	
measures self-perceived general QOL.14	We	used	a	modified	version	of	Cantril’s	
self-anchoring ladder where respondents were asked to rate their present life on 
a scale between zero and ten. 
 The EuroQol-5D (EQ-5D) utility score measures health related QOL 
(HRQOL).15 Five dimensions (mobility, self-care, daily activities, pain and 
discomfort, anxiety and depression) with three levels each (1=no problems, 
2=moderate problems, and 3=extreme problems) are combined into one utility 
score by means of applying the scoring values for the Dutch population.15 The 
EQ-5D utility score ranges from -0.33 to 1.00 where a score of less than zero is 
indicative of a health state worse than death.15
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 Socio-demographic characteristics included in our analyses were marital 
status, living arrangements, and education level. Included clinical data points 
were dementia, depression, and dizziness with falls. 
Convergent validity
Convergent validity refers to how closely a measure is related to other measure 
of the same construct. We examined convergent validity of TOPICS-CEP score 
with the Cantril’s life satisfaction score and the EQ-5D utility score 
respectively.14,15 Convergent validity is determined by the correlation between 
the outcome measures.
Hypotheses
We anticipated a moderate positive correlation between TOPICS-CEP score and 
the Cantril’s life satisfaction score, because TOPICS-CEP intends to measure a 
broader concept than self-perceived general QOL. In contrast, we expected a 
strong positive correlation between TOPICS-CEP score and the EQ-5D utility 
score as both measures combines multiple outcomes, however they do have a 
different	score	range	[TOPICS-CEP:	0-10	versus	EQ-5D:	-0.33	–	1.0].	
Known-group validity
After examining the convergent validity, we examined whether groups with 
different	marital	status,	living	arrangements,	education	levels	and	the	presence	
or absence of the chronic conditions dementia, depression, and dizziness with 
falls could be distinguished based on their TOPICS-CEP scores. Thus, we 
assessed	 whether	 baseline	 TOPICS-CEP	 scores	 were	 significantly	 different	
between groups. 
Hypotheses
We expected higher scores in persons who are married or cohabiting compared 
to widowers and in those who live with others (e.g. partner or children) 
compared to those who live alone because long lasting relationships positively 
influences	(mental)	health	status.16	Similarly,	we	expected	to	find	higher	scores	
in older persons living independently compared to those living in an institu-
tionalized facility. This is largely due to institutionalized older persons often 
require more assistance with daily activities and thus may fear their loss of 
independence, control and dignity.17	Furthermore,	we	anticipated	to	find	lower	
scores in subgroups of persons with dementia, depression, or dizziness with 
falls than in persons without these conditions. Such conditions have 
wide-reaching	 effects	 and	 would	 likely	 negatively	 impact	 other	 domains	
included in TOPICS-CEP.18-20
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Generalizability
To examine whether the validation results for TOPICS-CEP are generalizable 
across	different	settings,	we	performed	additional	analyses	using	the	complete	
study	 sample	 as	 well	 as	 stratified	 across	 three	 major	 study	 settings:	 older	
persons in primary care setting, general older population, and hospitalized 
older persons.
Analyses
Feasibility was assessed by calculating the number of missing values for TOPICS- 
CEP.	 Floor	 and	 ceiling	 effects	 were	 assessed	 by	 reporting	 the	 proportion	 of	
respondents with minimum and maximum TOPICS-CEP scores, respectively. 
A	floor	or	ceiling	effect	of	15%	was	considered	the	maximum	acceptable.21
 Since TOPICS-MDS is a pooled dataset, we applied meta-analytical techniques 
to account for clustering within individual research projects. Pearson’s correlations 
were used to examine convergent validity between TOPICS-CEP, Cantril’s life 
satisfaction scale, and EQ-5D utility score within each study. To calculate the 
pooled	correlation	coefficients	random	effects	meta-correlations	were	performed.22 
Correlations below 0.3 were referred to as weak, between 0.3 and 0.5 as moderate, 
and above 0.5 as strong.23
	 Known	group	validity	was	examined	by	determining	significant	differences	
in mean TOPICS-CEP index scores. Mixed linear regression analyses were used 
to	 compare	 the	 scores	 between	 groups	 and	 to	 examine	 whether	 differences	
between groups were still present when adjusted for age and gender. To account 
for clustering within individual research projects the models included random 
intercepts for project. The models were constructed based on a priori 
expectations.	Differences	between	parameter	estimates	smaller	than	15%	were	
considered to be acceptable. Analyses were performed using SPSS version 20.0 
(SPSS IBM, New York, USA) and the Meta package in R (Foundation for statistical 
computing, Vienna, Austria).22
Results
Sample characteristics
Data from 17,603 older persons from 28 projects were included in this study. The 
majority	of	the	study	sample	were	women	(N=	10,817,	61.5%)	and	the	mean	(±SD)	
age was 79 (7) years. Overall, the sample consisted of 7,849 (44.9%) subjects living 
independently with others, 8,187 (46.7%) were married or cohabiting, and 7,965 
(46.7%) had a secondary education level. The conditions dementia, depression, 
and dizziness with falls were present in; 962 (5.6%), 1,558 (9.1%), and 2,495 (14.6%) 
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subjects of the study sample respectively. The socio-demographic distribution 
within the subgroups (primary care (N=11,892), general population (N=3,331), 
and hospital (N=1,534)) were similar to the combined sample. 
Outcomes
Of the 17,603 participants, the majority had no missing data points for 
TOPICS-CEP: 88.7% (N=15,612), Cantril’s ladder: 91.9% (N=16,178) and EQ-5D: 
96.6%	(N=17,006).	The	means	 (±SD;	minimum	and	maximum	scores	achieved)	
were TOPICS-CEP: 7.37 (1.23; 1.88 – 10.0); Cantril’s ladder: 7.12 (1.40;0.0 – 10.0); 
and	EQ-5D:	0.63	(0.29;	-0.33	–	1.0).	Table	1	gives	an	overview	of	the	mean	(±SD)	
scores	 and	floor	 and	 ceiling	 effects	 for	 the	 complete	 sample	 and	 stratified	by	
subgroup. The highest values possible for TOPICS-CEP, Cantril’s ladder, and 
EQ-5D was reported for 18 (0.1%), 379 (2.2%), and 2,009(11.4%) older persons 
respectively. For each outcome measure, the lowest value possible was calculated 
for less than 1% of the subjects. 
Table 1   The	mean	(±SD)	scores	and	floor	and	ceiling	effects	for	the	complete	
sample	and	stratified	by	subgroup
 Mean (SD) Floor N (%) Ceiling N (%)
Complete study sample  (N=17,603)
     TOPICS-CEP 7.37 (1.23) 0 (0.0) 18 (0.1)
     Cantril’s ladder 7.12 (1.40) 22 (0.1) 379 (2.2)
     EQ-5D 0.63 (0.29) 0 (0.0) 2,009 (11.4)
Subgroups by study setting
  Primary care setting (N=11,892)
     TOPICS-CEP 7.44 (1.15) 0 (0.0) 12 (0.1)
     Cantril’s ladder 7.11 (1.42) 17 (0.1) 257 (2.2)
     EQ-5D 0.61 (0.28) 0 (0.0) 1,100 (9.2)
  General population (N=3,331)
     TOPICS-CEP 7.37 (1.40) 0 (0.0) 5 (0.2)
     Cantril’s ladder 7.07 (1.34) 4 (0.1) 47 (1.4)
     EQ-5D 0.72 (0.26) 0 (0.0) 653 (19.6)
  Hospital (N=1,534)
     TOPICS-CEP 7.48 (1.20) 0 (0.0) 1 (0.1)
     Cantril’s ladder 7.36 (1.35) 1 (0.1) 49 (3.2)
     EQ-5D 0.61 (0.30) 0 (0.0) 210 (13.7)
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	 When	stratified	by	subgroup	the	mean	(±SD)	scores	showed	similar	patterns.	
For each outcome measure the lowest value possible was achieved by less than 
1% of the older persons whereas the highest possible value for EQ-5D was 
calculated for 19.6% (N=653) and 13.7% (N=210) of the older persons sampled 
from the general population and hospital respectively. 
Convergent validity
Table	2	gives	an	overview	of	the	meta-correlation	coefficients	and	the	95%	CI.	
Expectedly, TOPICS-CEP and Cantril’s ladder were moderately correlated in the 
overall sample and subgroups Complete sample: r=0.43; Primary care: r=0.41; 
General population: r=0.50; Hospital: r=0.43. In comparison, TOPICS-CEP and 
the EQ-5D were highly correlated [Complete sample: r=0.63; Primary care: 
r=0.60; General population: r=0.71; Hospital: r=0.57]. 
Known group validity
Table 3 illustrates the association between TOPICS-CEP scores and sample 
 characteristics. In line with our expectations, higher mean TOPICS-CEP scores 
Table 2   Meta-correlation	coefficients	and	the	95%	CI	of	the	outcome	 
measures TOPICS-CEP, Cantril’s ladder, and EQ-5D utility score  
for	the	complete	study	sample	and	stratified	by	subgroup
TOPICS-CEP Cantril’s
r (95% CI) r (95% CI)
Complete study sample (N=17,603)
   Cantril’s ladder 0.43 (0.39-0.48)
   EQ-5D 0.63 (0.58-0.67) 0.34 (0.28-0.40)
Subgroups by study setting
Primary care (N=11,892)
   Cantril’s ladder 0.41 (0.33-0.48)
   EQ-5D 0.60 (0.52-0.67) 0.31 (0.21-0.41)
General Population (N=2,221)
   Cantril’s ladder 0.53 (0.51-0.56)
   EQ-5D 0.71 (0.68-0.74) 0.43 (0.35-0.50)
Hospital (N=1,534)
   Cantril’s ladder 0.43 (0.35-0.51)
   EQ-5D 0.57 (0.51-0.62) 0.29 (0.25-0.34)
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were found in older adults who were married, lived independently and had a 
higher education level, respectively. Moreover, the mean TOPICS-CEP scores 
were higher in the persons without dementia, depression and dizziness with 
falls, respectively. Table 4 illustrates the relationships between TOPICS-CEP 
scores and sample characteristics adjusted for gender and age. The parameter 
estimates	of	marital	status	and	education	level	remained	significant	(p-values	
<0.05) after adjustments; however, these exceeded the 15% threshold of change. 
Thus,	 for	 example	 the	 average	 difference	 between	 TOPICS-CEP	 scores	 of	
persons who were married or cohabiting versus those who had a deceased 
partner	 was	 still	 significantly	 different;	 however	 the	 difference	 between	 the	
scores decreased from 0.37 to 0.08. Furthermore, the parameter estimate of 
living	independently	with	others	was	no	longer	significant	after	adjustment	for	
gender	and	age.	Without	adjustment,	the	average	difference	TOPICS-CEP	scores	
of persons living independently alone versus living independently with others 
were	0.19	points	and	with	the	adjustment	the	difference	was	0.01	point.		When	
stratified	by	subgroup	similar	results	were	found	(data	not	shown).
Discussion
The purpose of this study was to determine convergent and known group 
validity of TOPICS-CEP in a large and heterogeneous sample of persons aged 65 
years and older. Preference-weighted composite endpoints such as TOPICS-CEP 
have	 the	 potential	 to	 facilitate	 comparative	 effectiveness	 research,	 thus	 it	 is	
important to establish the validity of these kinds of endpoints prior to their use 
in the population of interest. 
 In this current study, TOPICS-CEP was able to accurately represent the 
heterogeneous composition of the overall study population. TOPICS-CEP scores 
obtained covered most of the entire current score range of the index and there 
were	no	floor	or	ceiling	effects	found	in	the	total	sample	nor	in	the	subsample	
taken from general population, primary care or hospital settings. This is important 
for its performance as an outcome measure. At the same time, the EQ-5D utility 
scores	 showed	 considerably	 larger	 ceiling	 effects	 in	 the	 general	 population	
sample.	 The	most	 plausible	 reason	why	 this	 specific	 subgroup	 exhibited	 this	
effect	would	be	that	the	persons	from	the	general	population	sample	were	less	
frail compared to those from the primary care and hospital sample. 
	 Our	correlation	analyses	revealed	significant	associations	between	TOPICS-	
CEP score versus Cantril’s ladder and EQ-5D utility score. The stronger correlation 
between TOPICS-CEP and EQ-5D indicates that the TOPICS-CEP measures 
important aspects of health. As expected, the correlation between TOPICS-CEP 
Validation of Variables Derived from TOPICS-MDS | 171
and	Cantril’s	ladder	was	moderate	because	the	two	outcomes	measure	different	
concepts.	Moreover,	our	findings	supported	our	hypothesis	that	there	would	be	
a strong correlation between TOPICS-CEP components and the EQ-5D dimensions. 
 TOPICS-CEP scores adhered expected patterns across marital status, living 
arrangements, and education level. Additionally, TOPICS-CEP was able to 
distinguish subjects who had dementia, depression, and dizziness with falls 
even	when	 adjusted	 for	 age	 and	 gender.	 These	 findings	 further	 support	 the	
overall validity of the tool. 
	 Our	results	indicate	that	there	were	no	floor	or	ceiling	effects	for	TOPICS-	
CEP	 in	 the	 different	 settings.	 However,	 similar	 to	 other	 studies	 we	 found	 a	
ceiling	effect	for	the	EQ-5D	utility	score	as	the	percentage	of	persons	with	the	
highest possible EQ-5D utility score of 1.00 exceeded the 15% threshold. These 
ceiling	effects	may	be	due	to	a	small	range	of	responses	(3	levels	per	item).24,25
 There are several limitations to consider. Even though a large heterogeneous 
sample was used to validate TOPICS-CEP, institutionalized older persons were 
underrepresented in our sample. Secondly, additional research is required to 
examine other important properties of TOPICS-CEP, such as minimal clinically 
important	 difference	 and	 the	 sensitivity	 to	 detect	 change.	 For	 these	 reasons,	
longitudinal	validation	would	be	beneficial.	
 In conclusion, preference-weighted multi-faceted endpoints have the potential 
to	facilitate	comparative	effectiveness	research	that	incorporates	patient	preferences.	
This study supports that TOPICS-CEP is a good option for researchers who 
need an outcome measure to assess important outcomes for older persons even 
when	it	is	across	a	range	of	differently	functioning	subpopulations.	TOPICS-CEP	
is	a	robust	measure	which	can	be	used	in	broad	settings	to	identify	the	effect	of	
intervention or of prevention in elderly care. It deserves further spread as the 
various outcome domains included in the measure are of great importance to 
the older population.
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Key findings
• The 15-item ADL/IADL scale demonstrates poor discriminative ability in 
higher functioning older persons. In future versions of the MDS, the physical 
functioning domain should be revised to better represent this segment of 
the population.
•	 Survey	mode	influences	reporting	of	urinary	 incontinence,	walking,	and	
meal preparation in residential care settings.
•	 Whereas	a	ceiling	effect	for	the	EQ-5D,	an	instrument	measuring	health-related	
quality of life, is observed in the overall study population, such is not the 
case within subgroups presenting with major geriatric conditions.
• The validity of the CarerQol, an instrument measuring care-related quality 
of life, is maintained irrespective of sampling framework (general population, 
primary	care	centers,	or	hospital	settings)	though	differential	reporting	is	
observed by survey mode. 
• A frailty index derived from TOPICS-MDS provides a valid indication of 
frailty.
• When evaluating quality of life and health care costs, frailty is a useful 
independent covariate in addition to multimorbidity and ADL limitations.
• A preference-weighted composite endpoint derived from TOPICS-MDS 
provides a valid indication of health-related quality of life useful for 
evaluation studies.
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5.1. Summary of findings
Although data sharing has garnered theoretical support throughout the 
scientific	community,	it	has	not	been	widely	carried	out	in	practice.	This	is	due,	
in part, to a lack of collaboration among researchers. The Older Persons and 
Informal Caregivers Survey – Minimum Dataset (TOPICS-MDS) thus represents 
a pioneering achievement since its development not only required the 
commitment of the eight Dutch university medical centers but also numerous 
researchers across the Netherlands. All principal investigators receiving 
funding from the National Care for the Elderly Programme agreed to incorporate 
TOPICS-MDS into their study protocols. The product was a centrally pooled, 
public access database with standardized health outcomes collected from over 
60 independent research projects. Undoubtedly, the development of the database 
represents a major milestone in data sharing and confers many research 
opportunities. However, any new data collection tool should be approached 
with circumspection until the accuracy and quality of the data are appropriately 
evaluated. 
 Thus, the overarching aim of this thesis was to validate the data compiled 
in TOPICS-MDS. To meet this aim, Chapter 3 reviewed the measurement 
properties of the three primary instruments included in TOPICS-MDS: The 
Katz	Index	of	Independence	in	Activities	of	Daily	Living,	the	EQ-5D,	and	the	
CarerQol. Chapter 4 evaluated two derived variables for measuring frailty and 
health-related quality of life. Since frailty is a key indicator in geriatric research, 
Section 4.1 validated the derivation of frailty index (i.e. a composite measure 
based on a spectrum of health problems) using TOPICS-MDS data, and Section 
4.2	examined	the	added	benefit	of	measuring	frailty	in	relation	to	multimorbidity	
and activities of daily living. Given the growing interest in more comprehensive 
indicators for wellbeing, Section 4.3 validated a preference-weighted composite 
endpoint for health-related quality of life (referred to as TOPICS-CEP). 
	 Chapter	 3,	 Sections	 3.1	 and	 3.2	 focused	 on	 the	 modified	 Katz	 Index	 of	
Independence in Activities of Daily Living, which assessed whether older 
persons required assistance with 15 basic and instrumental activities of daily 
living (ADL and IADL respectively). In Section 3.1, a Rasch analysis was applied 
to	determine	whether	the	difficulty	level	of	these	15	items	were	rated	similarly	
among older persons residing in the community versus residential care facilities 
as well as if the scale possessed robust discriminative ability. This analysis found 
minor	differences	in	rating	of	item	difficulty,	thus	inhibiting	direct	comparative	
analyses. If such analyses are undertaken, item weighting may be necessary to 
standardize	 item	 difficulty	 levels	 between	 these	 two	 settings.	Moreover,	 the	
scale poorly discriminated between higher functioning community-dwelling 
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older persons. In future versions of TOPICS-MDS, the physical functioning 
domain should be revised to better represent this segment of the population. In 
a complementary analysis presented in Section 3.2, a Rasch analysis was applied 
to examine whether survey mode (i.e. written questionnaire versus interview) 
resulted	in	differential	reporting	of	activities	in	residential	care	settings.	Survey	
mode	was	found	to	influence	reporting	of	urinary	incontinence,	walking,	and	
meal preparation, suggesting that either weighting or interaction terms may be 
required when analyzing pooled, mixed-mode data.
 Chapter 3, Section 3.3 reviewed the measurement properties of the EQ-5D, 
an instrument measuring health-related quality of life, across four major 
geriatric conditions: hearing disorders, joint damage, urinary incontinence, and 
dizziness with falls. Outcomes were compared to the overall study population 
as well as a ‘healthy’ subgroup reporting no major chronic conditions. 
Irrespective of the geriatric condition subgroup, individual domains of the 
EQ-5D correlated well with other survey items measuring similar concepts and 
adhered to a priori hypotheses regarding sociodemographic associations, 
supporting	construct	validity.	Ceiling	effects	were	observed	in	the	overall	study	
population and the ‘healthy’ subgroup but not within the geriatric condition 
subgroups. Thus, although the pooled dataset for TOPICS-MDS initially 
suggests poor discriminative ability for the EQ-5D, such is not the case within 
subgroups presenting with major geriatric conditions.  
 Chapter 3, Section 3.4 validated the Care-Related Quality of Life Instrument 
(CarerQol)	 across	 two	 different	 study	 design	 features,	 sampling	 framework	
(general	population	versus	different	care	settings)	and	survey	mode	(interview	
versus written questionnaire). The observed correlations between the CarerQol 
domains and a generic measure of happiness and self-reported burden supported 
the instrument’s construct validity. Based on multivariable, multivariate mixed 
models,	 sampling	 framework	had	only	a	minor	 influence	on	reporting	 levels;	
however,	 survey	 mode	 seemed	 to	 modestly	 influence	 self-reported	 burden.	
Future analyses should account for the impact of survey mode on care-related 
quality of life reporting; the use of an interaction term in multivariable 
modelling represents one option to address this issue. 
 Chapter 4, Sections 4.1 and 4.2 examined the validity and operationalization 
of the frailty index. In Section 4.1, a long (46-item) and short (23-item) frailty 
index derived from TOPICS-MDS was correlated with a frailty index based on 
clinical assessment. The long and short TOPICS frailty indices were moderately 
correlated with the independent, clinically assessed frailty index (‘reference 
standard’). Furthermore, both indices met a priori hypotheses regarding age 
and sex distributions, thus supporting their validity. Section 4.2 addressed the 
operationalization of frailty and its relation to multimorbidity and ADL limitations. 
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Frailty, multimorbidity, and ADL limitations were reported for a substantial 
proportion of older persons sampled in TOPICS-MDS, and older persons 
experiencing problems across the three domains reported the poorest quality of 
life scores and the highest health care costs. Based on multivariable mixed 
models measuring quality of life scores and health care costs, frailty was found 
to be an important independent covariate in addition to multimorbidity and 
ADL limitations.
 Chapter 4, Section 4.3 validated a preference-weighted Composite End Point 
(CEP) for health-related quality of life derived from TOPICS-MDS (referred to as 
TOPICS-CEP). Based on meta-correlations, TOPICS-CEP was moderately 
correlated with Cantril’s Self-Anchoring Ladder (i.e. an overall quality of life 
measure) and highly correlated with the EQ-5D (i.e. a health-related quality of 
life measure). Based on multivariable mixed models, TOPICS-CEP scores were 
higher in persons who were married, lived independently, or university 
educated whereas lower in older persons with dementia, depression, or 
dizziness with falls. The TOPICS-CEP behaved in accordance with a priori 
hypotheses, supporting construct and known-group validity. This study 
supported the use of TOPICS-CEP as a meaningful indicator of health-related 
quality of life in evaluation research.
5.2. General discussion
From a minimum dataset towards an integrated care database
The current health care model emerged from the need to treat acute or singular 
chronic conditions in younger populations. However, as modern society ages, 
health care providers and public health professionals are now working in an 
environment incongruous with the needs of older persons with increasingly 
complex	health	profiles.1,2	Their	symptoms	often	reflect	an	interaction	between	
chronic multimorbidity2 and age-associated frailty3 which threaten or actually 
lower quality of life. For these individuals, the disjointed treatment and 
monitoring of single morbidities without regard for overall wellbeing does not 
promote healthy aging.1	Quite	the	contrary,	this	narrow	focus	stifles	concomitant	
gains in physical, mental, and social health that are often witnessed when a 
more integrated approach to health care is taken. Yet, integrated care represents 
more	than	an	intervention	to	facilitate	discourse	between	different	health	care	
providers attending to the same patient. In its broadest sense, integrated care 
represents	 “a	 step	 in	 the	 process	 of	 health	 systems	 and	 health	 care	 delivery	
becoming	 more	 complete	 and	 comprehensive”4, thereby shifting health and 
health care conceptualization towards a more nuanced interpretation. While 
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there has been growing consensus that integrated care is the new face of 
medicine, achieving this model in practice is less straightforward. Transitioning 
from the current health care model to an integrated care model necessitates the 
re-configuration	of	large,	established	health	care	systems	on	both	the	individual	
and organizational levels.4,5 Given the enormity of this challenge, the European 
Innovation Partnership on Active and Healthy Ageing (European 2020 Initiative) 
have endorsed a European-based integrated care action group. This group was 
established to promote enhanced case management of chronic conditions, the 
use of innovative tools and services to scale-up integrated care programs, and 
the sharing of knowledge between European partners.6 This campaign has 
further acknowledged the importance of local initiatives to expand this more 
comprehensive approach to care.  
 With this backdrop, The Older Persons and Informal Caregivers Survey 
Minimum DataSet (TOPICS-MDS) was created. Guided by the ethos of integrated 
care, TOPICS-MDS was designed to not only record relevant morbidity 
outcomes, but also provide insight into physical, mental, and social wellbeing of 
older persons and their caregivers. During its development phase, brevity was 
also viewed as a crucial aspect so that the survey could be easily incorporated 
into a range of academic and governmental settings. The product was a highly 
accessible data collection tool with a broad scope to assist health care providers, 
researchers, public health practitioners, and policy makers in better evaluating 
overall	wellbeing,	quality	of	care,	and	the	effectiveness	of	interventions.	In	this	
way, TOPICS-MDS represents a small but critical step in achieving a more 
comprehensive interpretation of health and wellbeing and evaluating 21st 
century integrated health care.
What TOPICS-MDS offers
TOPICS-MDS is relatively short data collection tool with only 51 data points for 
older persons and 27 data points for caregivers. In brief, for older persons, 
information is collected on demographics, morbidity, quality of life, functional 
limitations, mental health, social functioning, and health service utilisation. For 
informal caregivers, information is collected on demographics, hours of informal 
care, and quality of life. Yet, the richness of the dataset not only lies in the 
existing elements but also the additional variables which can be derived from 
the dataset. 
 For instance, frailty is a central concept in geriatric research and represents a 
heightened state of physical, mental and social vulnerability.3 Given its association 
with increased risk of functional dependency7, falls8, institutionalization9, and 
death10, frailty serves as an important case-mix variable for clinical case 
management and resource allocation in older populations. Using TOPICS-MDS, 
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a frailty index can be derived by calculating the proportion of health problems 
observed in an individual versus the number of health problems screened in the 
survey.11 The frailty index has been shown to be a robust indicator for 
vulnerability and morality in other settings10, and this thesis has not only 
validated its use in TOPICS-MDS but has also shown that it is a valuable 
indicator for quality of life and health care costs. 
 Moreover, outcomes collected in TOPICS-MDS may be analyzed separately 
(i.e. per item or item subset) or combined into a preference-weighted Composite 
End Point (TOPICS-CEP). TOPICS-CEP was developed to provide users of the 
database with the option of a multi-dimensional outcome measure which 
assesses eight domains (morbidity, limitations in activity, emotional well-being, 
pain experience, cognitive functioning, social functioning, self-perceived 
health, and self-perceived quality of life).12	To	account	for	relative	differences	in	
the perceived importance of these domains, preference weights were established 
by asking 124 older persons and 76 caregivers to rate domains using vignettes.12 
As shown in this thesis, TOPICS-CEP is a valid measure for measuring 
health-related quality of life.
TOPICS-MDS as a stimulus for data sharing and waste reduction
The vision of TOPICS-MDS was to be more than a tool to facilitate integrated 
care but also a broader initiative to promote data sharing. Developed as part of 
the National Care for the Elderly Programme (NPO), information on all older 
persons and caregivers who participated in NPO-funded projects was centrally 
collated to create a national, public access data repository. This project required 
the cooperation of numerous researchers through the Netherlands working on 
more	 than	 60	 different	 research	 studies.	 A	 large	 data	 sharing	 initiative	 like	
TOPICS-MDS is highly relevant in the current research climate. There has been 
a	philosophical	transition	in	scientific	and	political	arenas	as	greater	emphasis	
is being placed on standardization of health outcomes and open access data. In 
a recent letter (October 2013) to the Chairman of the House of Representatives in 
the Netherlands, Minister Edith Schippers (Minister of Health, Welfare, and 
Sport) posited that standardization and accessibility of health data are essential 
elements in creating a sustainable information system with timely and reliable 
data.13 Moreover, in light of the decentralization of the public health sector to 
smaller localities under the Social Support Act (WMO 2015), standardization is 
critical to ensure regional and longitudinal comparisons can continue to be 
drawn across the Netherlands.
 Funding bodies have also begun to include data accessibility to external 
third parties as part of their framework. The three largest research funding 
bodies in the Netherlands, The Netherlands Organisation for Health Research 
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and	 Development	 (ZonMw),	 The	 Netherlands	 Organisation	 for	 Scientific	
Research	(NWO),	and	The	Netherlands	Academy	of	Science	(KNAW),		have	all	
taken initial steps to ensure that well-annotated, high quality databases are 
easier	to	identify	and	access.	One	such	example	is	the	ZonMw	program	“Access	
to	Data”	 (Nederlands:	Toegang tot Data), which catalogues accessible, linkable 
datasets	 and	 further	 promotes	 the	 use	 of	 existing	 data	 sources	 for	 scientific	
research.14 
 Ensuring that standardized outcomes can be accurately and uniformly 
collected from a large number of studies is also of interest to the broader 
scientific	 community.	 Approximately	 a	 quarter	 of	 a	 trillion	 US	 dollars	 are	
allocated to biomedical research projects worldwide every year15; disconcerting-
ly,	a	substantial	proportion	of	this	research	is	duplicative	or	may	lack	sufficient	
sample size for useful interpretation. In the recent Lancet series,	 “Research:	
increasing	 value,	 reducing	 waste”,	 several	 recommendations	 were	 made	 to	
address the current level of waste in biomedical research.16 One key suggestion 
was that researchers should share individual-level data.16 To date, data sharing 
in	 public	 health	 has	 lagged	 far	 behind	 other	 scientific	 disciplines.17 Yet, 
indisputably,	data	sharing	is	a	cost-effective	way	to	reduce	the	creation	of	new	
datasets collecting equivalent measures.18 Moreover, data sharing has the 
potential to stimulate positive changes in public health policy by broadening 
the scope of the existing datasets.17,19 Methodologically, pooled statistical 
estimates based on individual data rather than aggregate results provide greater 
insight into the data and allow for more sophisticated analyses.20 The routine 
sharing of individual-level data further encourages researchers to undertake 
quality data management, which includes the creation of clean, well-annotated 
dataset readily interpretable by external users.17 Documentation on cleaning 
procedures and additional meta-data describing the conditions of the dataset 
lead to greater transparency in research and allow for long-term use of data.21 
Undoubtedly, there is sweeping support for standardization of outcomes, data 
sharing, and the creation of a centralized public data repository. However, as a 
novel endeavor in data sharing, TOPICS-MDS faces risks in data quality. For 
any new dataset, ensuring that data validity is upheld is fundamental. Although 
TOPICS-MDS contains instruments previously validated for use in older 
populations, this does not guarantee that these instruments produced valid 
results in this setting. Well-established instruments are often erroneously 
referred to as valid instruments. However, validity is not a property of an 
instrument, but rather a contextual aspect related to the study population.22 
Although	greater	 confidence	 is	given	 to	 instruments	which	have	 consistently	
produced valid results, this does not diminish the importance and necessity of 
re-evaluating	 validity.	 Rather,	 good	 scientific	 practice	 supports	 preliminary	
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validation work to ensure subsequent analyses are based on credible data. The 
presumption of data accuracy without thorough investigation can lead to faulty 
analyses	 and	 obscure	 true	 effects.	As	 aptly	 stated	 by	 the	 nineteenth	 century	
French historian and political thinker, Alexis de Tocqueville,
…when statistics are not based upon computations which are strictly accurate, 
they mislead instead of guiding aright. The mind is easily imposed upon by  
the false affectation of exactness, which prevails even in the misstatements of 
science, and it adopts with confidence errors which are dressed in the forms of 
mathematical truth.23
Public health interventions and health policy must be based on accurate data to 
function properly. By supporting the integrity of the data collected in 
TOPICS-MDS, this thesis aligns with this aim and further lays the foundation 
for widespread implementation of the MDS in the Netherlands. Moreover, this 
work gives researchers funded under the National Care for the Elderly 
Programme	the	confidence	to	explore	health	issues	in	a	broader	population,	not	
just within their individual projects. This larger scope allows for more detailed 
and sophisticated analyses, thus heightening health policy impact. As an 
example, informal caregiver datasets are typically quite small, consisting of 
several hundred participants at most. TOPICS-MDS, however, has amassed data 
on approximately 9,000 informal caregivers and validated the use of the 
CarerQol, an instrument measuring care-related burden in the database. Thus, 
researchers have the opportunity to investigate subgroups of vulnerable 
caregivers which would not have been feasible in prior studies.
5.3. Limitations of TOPICS-MDS
As with any data collection tool, TOPICS-MDS is not without limitations. 
TOPICS-MDS	is	a	standardized	questionnaire	which	may	not	offer	the	level	of	
desired	specificity	for	some	research	questions.	Other	additional	instruments	as	
well as more detailed information on morbidity status could have been included 
in the dataset. Nonetheless, the use of any minimum dataset is a compromise 
between complete, accurate information and feasibility of data collection. 
Whereas	more	 detailed	 data	may	 have	 provided	 deeper	 insight	 into	 specific	
research areas, such information was not readily obtainable from all 
contributors. To avoid the total restructuring of individual study protocols, 
outcomes in TOPICS-MDS were chosen for both relevance and practicality. In 
light of this limitation, it is not the intention of this thesis to suggest that 
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TOPICS-MDS should supersede all pre-existing surveys. TOPICS-MDS was 
designed to be used as either a primary or complementary survey; importantly, 
its primary focus was to ensure that critical core outcomes are uniformly 
collected.	This	flexible	design	feature	can,	in	turn,	be	viewed	as	a	major	strength	
of the survey.  
 In this regard, the operationalization of frailty should also be noted. The 
frailty index derived from TOPICS-MDS may be one of the most contentious 
variables within the database. To date, there is no universal consensus on the 
definition	 or	 identification	 of	 frailty.	 Some	definitions	 refer	 solely	 to	physical	
vulnerability	 (e.g.	 Fried’s	 phenotype	 model	 based	 on	 five	 physiological	
indicators24) whereas others apply a broader interpretation including both 
physiological and general wellbeing attributes (e.g. the Tilburg Frailty Indicator25 
and Rockwood’s frailty index10). Due to the structure of TOPICS-MDS, the frailty 
index,	which	defines	frailty	as	an	accumulation	of	health	problems	(“deficits”)	to	
derive an index score, was used in this thesis. However, irrespective of the 
definition	used	to	identify	frailty,	it	is	important	to	note	that	there	is	substantial	
overlap	 and	 statistical	 convergence	 between	 these	 different	 paradigms.26 
Whereas some may not agree with the use of the frailty index, to date, there is 
no strong evidence that it represents an inferior operationalization of frailty. 
Still,	given	that	it	is	conceptually	difficult	to	define,	there	remains	the	need	to	
better understand how to best frame and apply the frailty index in clinical 
practice. 
 Secondly, there is notable heterogeneity between individual projects included 
in	TOPICS-MDS.	Given	the	differences	in	study	designs	and	targeted	sampling	
populations, the unfettered analysis of the pooled dataset is not recommended. 
Rather, meta-analytical techniques should be applied to determine the 
appropriate ness of combining data before performing an analysis. Based on the 
research question, subgroup or sensitivity analyses may also need to be built 
into	 the	 analysis	 plan.	 For	 instance,	 this	 thesis	 has	 found	 that	 differential	
reporting is present across survey modes when measuring activities of daily 
living and care-related quality of life. Sensitivity analyses by survey mode may 
be warranted. Although meta-analytical techniques are required, this is not to 
imply that meta-analysis itself is a weakness. Rather, the weakness lies in the 
fact that such techniques are not always in the statistical repertoire of 
researchers. For this reason, users may be deterred from the database or apply 
suboptimal analyses. 
 Furthermore, the pooled dataset is not representative of the general population 
aged 65 and older in the Netherlands. Sampling frameworks varied across 
individual studies included in TOPICS-MDS; some were based on a random 
sample,	 though	many	 targeted	vulnerable	or	disease-specific	 subpopulations.	
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Although distributions of gender (60% women), marital status (72% married) 
and institutionalization (9% residing in a nursing home) observed in TOPICS- 
MDS	broadly	reflect	the	Dutch	general	population	aged	65	years	and	older	(56%,	
75% and 4% respectively27), this does not imply that the dataset is nationally 
representative.	Differences	 across	 other	 key	 sociodemographic	 characteristics	
are likely. Design weights were not included in the development phase of 
TOPICS-MDS, and therefore post hoc weighting would prove highly challenging if 
not impracticable. However, whereas representativeness is crucial for descriptive 
studies, this is not necessarily true when examining causal mechanisms.28 
Arguably, for this latter type of research, greater emphasis should be placed on 
identifying and controlling for confounding variables.28 Thus, despite the 
over-representation of certain subpopulations, TOPICS-MDS still serves as a 
rich	resource	for	scientific	inquiry.
 Lastly, this thesis supported the validity of the data collected in 
TOPICS-MDS with the exception of the 15-item ADL/IADL scale. This particular 
scale lacked content validity for the community-dwelling older persons and 
was therefore unable to adequately discriminate between higher functioning 
persons. Future versions of TOPICS-MDS should revise this domain. Several 
options are available to improve physical function assessment. One option 
would be to adopt a more detailed scale. This does not necessarily imply that 
more items are required; more detailed response options (e.g. a 3- or 4-level 
response option rather than the current binary option) may elicit the appropriate 
level of discrimination. Secondly, physical measurements, such as 24-hour 
activity diaries, gait speed, and grip strength, can provide an objective measure 
of physical function suitable in both community-dwelling and institutionalized 
settings. However, their accuracy can be biased by the assessor’s encouragement 
level and frequency of repetition.29 Furthermore, compared to a survey, physical 
measurements are more labor intensive and costly. A third alternative is the use 
of item banks to identify relevant physical function measures. Ideally, an item 
bank would be coupled with computerized adaptive testing, a method which 
successively selects questions based on previous response patterns.30 By 
applying a testing algorithm to determine the minimum number of relevant 
questions,	computerized	adaptive	testing	reduces	floor	and	ceiling	effects	and	
quickens assessment time.30 Similarly to physical measurements, however, this 
method can be cost prohibitive.
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5.4. Future directions
TOPICS-MDS	contains	 core	outcomes	which	accurately	 reflect	 the	health	and	
wellbeing of older persons in the Netherlands. Additionally derived variables 
from the database, such the frailty index and TOPICS-CEP, further demonstrate 
its versatility. Ideally, TOPICS-MDS will continue to grow and promote 
standardized data collection in both academic and governmental spheres. Yet, 
the sustainability of the database is intrinsically linked to its ability to stimulate 
scientifically	 and	 socially	 relevant	 research	 that	 elucidate	 the	 changing	 needs	 
of an aging population. Thus, new projects or research studies targeting (frail) 
older persons should consider adopting TOPICS-MDS as a base questionnaire 
and contributing to the central database. This would not only lead to a diverse 
and rich database, but also allow for direct comparative analyses between past 
and present research projects. 
 National research funding bodies, government agencies, disease registries, 
and medical associations serve as critical alliances in the promotion and 
large-scale utilization of TOPICS-MDS. Funding bodies may wish to sponsor 
research using the current database or mandate that TOPICS-MDS is included 
in new research protocols. ZonMw serves as a prime example in this regard. 
The organization has already sponsored two waves of TOPICS-MDS microgrant 
funding calls. These microgrant opportunities provided up to six months 
funding for early to mid-career researchers to perform investigative research 
using baseline and follow-up data. Furthermore, ZonMw has already 
incorporated TOPICS-MDS into projects funded under its dementia research 
and	innovation	program,	“Memorable”,	which	was	launched	in	2014.	Objectives	
of this program include improving the level of care, support, and quality of life 
for persons with dementia as well as their caregivers.31 Using TOPICS-MDS as 
basis for data collection, additional data elements can be added to better assess 
the welfare of this highly vulnerable subgroup. 
 On a governmental level, regularly administering TOPICS-MDS to a nationally 
representative sample of frail older persons would allow for longitudinal 
monitoring of these key outcomes. Whereas initiating a new monitoring system 
is cumbersome, TOPICS-MDS could potentially be incorporated into the 
Ouderenmonitor. This latter survey is carried out by the Dutch Municipal Health 
Service (GGD) every four years to assess the physical, mental, and social health 
of community-dwelling older persons.32 A merger between these two surveys 
would synchronize health outcomes in research studies and public health 
monitoring, which is clearly advantageous. 
 Furthermore, TOPICS-MDS could stimulate research innovation for dis-
ease-specific	 registries,	 such	 as	 the	Dutch	Cancer	Registry	 (IKNL).	Registries	
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are still inherently single-disease focused and aim to capture disease character-
istics rather than characteristics of the person with the disease. Given that 
cancer in older persons is often coupled with chronic co-morbidity, this narrow 
perspective is sub-optimal for evaluating the true extent of disease burden. 
Moreover, in very old persons with limited life expectancy, quality of life, 
physical functioning, and social wellness give a more valuable insight into 
successful interventions than simply measuring morbidity status or mortality. 
The	Dutch	Cancer	Society	(KWF)	is	striving	to	improve	general	quality	of	life	in	
older	 persons	 with	 cancer	 through	 its	 “Cancer	 in	 the	 Elderly”	 campaign	
(Nederlands: Kanker en Ouderen).33 The outcomes collected in TOPICS-MDS are 
clearly in align with this objective and would therefore complement routinely 
collected registry data. 
 Lastly, the support of medical societies plays an important role in the 
sustainability	of	the	database.	The	Dutch	Society	for	Clinical	Geriatrics	(NVKG)	
has recently adopted TOPICS-MDS to monitor patient wellbeing. TOPICS-MDS 
will have the dual purpose of collecting pertinent research data as well as 
assisting clinical evaluation by providing the patient’s perspective on quality of 
care. The embracement of TOPICS-MDS by the Dutch Society for Clinical 
Geriatrics	reflects	the	growing	international	interest	in	using	Patient	Reported	
Outcome Measures (PROMs) to measure quality of care. Historically, successful 
treatments	have	been	defined	using	clinician-oriented	measures,	typically	the	
presence or absence of disease. However, the morbidity tide has turned. In 
contemporary medicine, older persons are no longer presenting with isolated 
illnesses but rather a pallet of chronic conditions.2 As health professionals adjust 
to meet the demands of this health transition, they often regress into the trap of 
dichotomized perceptions of health versus disease. However, this mindset is 
not	 befitting	 in	 an	 era	 of	 chronic	multimorbidity	 and	 frailty	which	demands	
that older persons adapt to an increasing number of health problems that may 
present either slowly or rapidly. Treatment based on this old-fashioned, linear 
thinking does not always translate into quality of care or quality of life for older 
patients. 
 In contrast, PROMs are rooted in the perspective of the patient. By taking a 
patient-focused approach, PROMs can bridge communication gaps between 
clinicians	and	patients	to	help	redefine	wellbeing	in	the	context	of	the	individual	
and	help	jointly	define	successful	treatment	plans.34,35 Yet, PROMs are not restricted 
to clinician-patient interactions. Health insurers have also acknowledged the 
utility of PROMs when assessing care management. PROMs add insight into 
patient quality of life that cannot be readily extracted from electronic patient 
records.36 For these reasons, investigating how TOPICS-MDS performs as a 
PROM is highly relevant for the health care sector. To facilitate the use of 
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TOPICS-MDS as a PROM, a composite endpoint for general wellbeing (TOPICS- 
CEP) was developed and validated. Notably, when deriving preference-weights 
for domains included in TOPICS-CEP, there was a clear disparity between older 
persons and clinicians37, underscoring why patient-focused measures are critical. 
To build on this previous work, additional research to examine the responsivity 
of TOPICS-MDS as a PROM is currently underway in cooperation with ZonMw. 
This initiative would potentially allow TOPICS-MDS to be utilized as a quality 
evaluation instrument as well. Arguably, this endeavor is the next step for 
transitioning TOPICS-MDS from a research database to a dynamic tool for 
integrated care. 
5.5. Final remarks
From its inception, TOPICS-MDS has fostered a cooperative atmosphere between 
researchers across the Netherlands to create this valuable resource for evaluating 
the health and wellness of older persons and informal caregivers. This thesis 
highlights	the	success	of	this	initiative	and	presents	the	first	evidence	that	as	a	
large pooled dataset, TOPICS-MDS contains valid and reliable information on 
more than 44,000 older persons and 9,000 caregivers. The collaborative approach 
in selecting core outcomes, its transparent infrastructure, and the accuracy of 
the data position TOPICS-MDS as a unique data sharing model to be emulated 
both nationally and internationally.
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Belangrijkste bevindingen
• De 15-item ADL/IADL-schaal heeft weinig onderscheidend vermogen in 
hoger functionerende ouderen. In toekomstige versies van de MDS zal het 
domein ‘fysiek functioneren’ moeten worden herzien om dit segment van 
de bevolking beter te representeren.
• Survey mode (manier van uitvragen) beïnvloedt rapportage van urine- 
incontinentie, lopen en maaltijdbereiding in residentiële zorginstellingen.
• Daar waar de EQ-5D, een instrument dat gezondheidsgerelateerde kwaliteit 
van	leven	meet,	een	plafondeffect	laat	zien	in	de	totale	onderzoekspopulatie,	 
is dit niet het geval binnen subgroepen met belangrijke geriatrische 
aandoeningen.
• De validiteit van de CarerQol, een meetinstrument voor zorggerelateerde 
kwaliteit van leven, wordt gehandhaafd ongeacht het steekproefkader (uit 
algemene bevolking, eerstelijn, of ziekenhuissetting), hoewel er verschillen 
werden waargenomen voor survey mode.
• Een kwetsbaarheidsindex die afgeleid is van TOPICS-MDS is een valide 
maat voor kwetsbaarheid.
• Bij de beoordeling van kwaliteit van leven en kosten voor de gezond-
heidszorg, is kwetsbaarheid een betekenisvolle onafhankelijke covariaat, 
naast multimorbiditeit en ADL-beperkingen.
• Een samengestelde maat, afgeleid van TOPICS-MDS en gebaseerd op gewogen 
preferenties, vormt een geldige indicatie van gezondheidsgerelateerde kwaliteit 
van leven die nuttig is voor evaluatiestudies.
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6.1 Samenvatting van bevindingen 
Hoewel het delen van gegevens op veel steun kan rekenen van de theoretische 
wetenschappelijke gemeenschap, wordt het tot op heden nog niet op grote 
schaal in de praktijk toegepast. Dit is ten dele te wijten aan een gebrek aan 
samenwerking tussen onderzoekers. TOPICS-MDS is in die zin een baanbrekend 
initiatief gebleken, aangezien de ontwikkeling ervan niet alleen de inzet vereiste 
van de acht Nederlandse universitaire medische centra, maar ook van tal van 
individuele onderzoekers in heel Nederland. Alle hoofdonderzoekers, wiens 
onderzoek in aanmerking kwam voor subsidie in het Nationaal Programma 
Ouderenzorg, zijn bij aanvang overeengekomen om TOPICS-MDS te integreren 
in hun studieprotocollen. Het product hiervan is een centraal samengevoegd 
publiek toegankelijke database met gestandaardiseerde gezondheidsuitkomsten 
die verzameld zijn uit meer dan 60 verschillende onderzoeksprojecten. De 
ontwikkeling van de TOPICS-MDS database vormt zonder twijfel een belangrijke 
mijlpaal in het delen van gegevens en kent vele mogelijkheden voor onderzoek. 
Toch dient elk nieuw instrument voor gegevensverzameling te worden benaderd 
met enige omzichtigheid totdat de nauwkeurigheid en kwaliteit van de gegevens 
op passende wijze zijn geëvalueerd.
 De overkoepelende doelstelling van het promotieonderzoek beschreven in 
deze dissertatie was om de gegevens verzameld in TOPICS-MDS te valideren. 
Om dit doel te bereiken werden in Hoofdstuk 3 de meeteigenschappen 
beoordeeld	van	de	drie	primaire	instrumenten	in	TOPICS-MDS:	de	Katz	Index	
of	Independence	in	Activities	of	Daily	Living	(Katz-ADL	index),	de	EQ-5D	en	de	
CarerQol. In Hoofdstuk 4 werden twee afgeleide variabelen geëvalueerd die 
kwetsbaarheid en gezondheidsgerelateerde kwaliteit van leven meten. 
Aangezien kwetsbaarheid een belangrijke indicator is in geriatrisch onderzoek, 
werden in paragrafen 4.1 en 4.2 een afgeleide maat van de kwetsbaarheidsindex 
(d.w.z. een samengestelde maat gebaseerd op een spectrum van gezondheid-
sproblemen) gevalideerd met behulp van TOPICS-MDS data en werd de 
toegevoegde waarde van het meten van kwetsbaarheid in relatie tot multimor-
biditeit en activiteiten van het dagelijks leven onderzocht. Gezien de groeiende 
belangstelling voor meer alomvattende indicatoren voor welzijn, werd in 
paragraaf 4.3 een samengestelde maat voor gezondheidgerelateerde kwaliteit 
van leven gevalideerd (TOPICS-CEP). 
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Hoofdstuk	 3,	 paragrafen	 3.1	 en	 3.2	 zijn	 gericht	 op	 de	 gewijzigde	 Katz-ADL	
index, die onderzoekt of ouderen hulp nodig hebben bij 15 basale en 
instrumentele activiteiten. In paragraaf 3.1 werd een Rasch-analyse toegepast 
om te bepalen of de moeilijkheidsgraad van deze 15 items op dezelfde manier 
werd beoordeeld door ouderen die thuiswonend zijn als door ouderen die in 
residentiële zorginstellingen verblijven. Daarnaast werd onderzocht of de 
schaal een robuust onderscheidend vermogen heeft. Deze analyse trof kleine 
verschillen aan in de waardering van de moeilijkheidsgraad, waardoor een 
directe vergelijkende analyse bemoeilijkt wordt. Bij dergelijke analyses, kan 
toepassing van gewogen items nodig zijn om moeilijkheidsgraden van items 
tussen deze twee settings te standaardiseren.  Daarnaast blijkt de schaal 
onvoldoende discriminerend vermogen te laten zien voor hoger functionerende 
thuiswonende ouderen. In toekomstige versies van TOPICS-MDS, zal het 
domein ‘fysiek functioneren’ moeten worden herzien om dit segment van de 
bevolking beter te representeren. In een aanvullende analyse in paragraaf 3.2, 
werd een Rasch-analyse toegepast om te onderzoeken of survey mode (d.w.z. 
schriftelijke	vragenlijst	versus	interview)	leidde	tot	differentiële	rapportage	van	
activiteiten in residentiële zorginstellingen. Survey mode bleek rapportage van 
urine-incontinentie, lopen en maaltijdbereiding te beïnvloeden, waardoor het 
toepassen van weging of interactietermen nodig kan zijn bij het analyseren van 
een samengevoegde mixed-mode dataverzameling.
 In Hoofdstuk 3, paragraaf 3.3 werden de meeteigenschappen van de EQ-5D, 
een instrument voor gezondheidsgerelateerde kwaliteit van leven, voor vier 
belangrijke geriatrische aandoeningen beoordeeld: gehoorstoornissen, ge-
wrichtsschade, urine-incontinentie en duizeligheid met vallen. Resultaten 
werden	vergeleken	met	de	gehele	studiepopulatie	en	een	“gezonde”	subgroep	
zonder	 chronische	 aandoeningen.	 Onafhankelijk	 van	 classificatie	 van	
morbiditeit, correleerden individuele domeinen van de EQ-5D goed met andere 
vragenlijstitems die vergelijkbare concepten meten en volgden ze de a priori 
gestelde	 hypothesen	 over	 associaties	 met	 sociodemografische	 factoren,	
waardoor	constructvaliditeit	wordt	ondersteund.	Als	gevolg	van	plafondeffect-
en vertoonde de EQ-5D weinig onderscheidend vermogen voor ouderen die 
over het algemeen gezond waren, dat wil zeggen, die weinig tot geen chronische 
aandoeningen rapporteerden. Hoewel de EQ-5D aanvankelijk een slecht 
onderscheidend vermogen liet zien binnen de totale dataset, was dat niet het 
geval voor subgroepen met belangrijke geriatrische aandoeningen.
 In Hoofdstuk 3, paragraaf 3.4 werd het Care-Related Quality of Life 
Instrument (CarerQol) gevalideerd met betrekking tot twee verschillende 
kenmerken van het studiedesign. Namelijk het steekproefkader (algemene 
bevolking versus diverse zorginstellingen) en de survey mode (interview versus 
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schriftelijke vragenlijst). De waargenomen correlaties tussen de CarerQol- 
domeinen en een generieke maat voor geluk en zelfgerapporteerde belasting 
ondersteunde de constructvaliditeit van dit instrument. Op basis van multi- 
variabele, multivariate mixed models, had het steekproefkader slechts een geringe 
invloed op de rapportageniveaus. Echter, survey mode leek een bescheiden invloed 
te hebben op zelfgerapporteerde belasting. Toekomstige analyses dienen 
rekening te houden met de impact van de manier van uitvragen op de rapportage 
van zorggerelateerde kwaliteit van leven; het gebruik van een interactieterm in 
multivariabele modellen zou een optie kunnen zijn om dit probleem aan te 
pakken.
 In Hoofdstuk 4, paragrafen 4.1 en 4.2 werd gekeken naar de validiteit en de 
operationalisering van de kwetsbaarheidsindex. In paragraaf 4.1 werden een 
lange (46-item) en een korte (23-item) kwetsbaarheidsindex, gebaseerd op 
TOPICS-MDS, gecorreleerd met een kwetsbaarheidsindex op basis van een 
klinische beoordeling. De lange en korte TOPICS kwetsbaarheidsindexen bleken 
matig te correleren met de onafhankelijke klinisch geëvalueerde kwetsbaar-
heidsindex	(“referentiestandaard”).	Bovendien	volgden	beide	indexen	de	a priori 
gestelde hypothesen met betrekking tot distributie van leeftijd en geslacht, 
waardoor de validiteit van beide indexen ondersteund wordt. In paragraaf 4.2 
werd ingegaan op de operationalisering van kwetsbaarheid en de relatie ervan 
met	multimorbiditeit	en	ADL-beperkingen.	Kwetsbaarheid,	multimorbiditeit	en	
ADL-beperkingen werden gerapporteerd voor een aanzienlijk deel van de 
ouderen in TOPICS-MDS. Bovendien rapporteerden ouderen die problemen 
ondervinden in deze drie domeinen, de laagste scores op kwaliteit van leven en 
de hoogste kosten voor gezondheidszorg. Op basis van multivariabele mixed 
models die scores op kwaliteit van leven en kosten voor de gezondheidszorg 
meten, bleek kwetsbaarheid een belangrijke onafhankelijke covariaat, naast 
multimorbiditeit en ADL-beperkingen.
 In hoofdstuk 4, paragraaf 4.3 werd een gecombineerde uitkomstmaat voor de 
door de oudere ervaren gezondheidsgerelateerde kwaliteit van leven gevalideerd. 
Deze Composite End Point (TOPICS-CEP) werd berekend op basis van prioritering 
van uitkomstmaten in TOPICS-MDS door ouderen en mantelzorgers. Op basis 
van de meta-correlaties, bleek TOPICS-CEP matig gecorreleerd te zijn met 
Cantril’s Self-Anchoring Ladder (een maat voor algemene kwaliteit van leven) 
en sterk gecorreleerd te zijn met de EQ-5D (een maat voor gezondheidsgerela-
teerde kwaliteit van leven). Op basis van multivariabele mixed models, bleken 
TOPICS-CEP scores hoger voor personen die getrouwd waren, zelfstandig 
woonden, of een universitaire opleiding hadden genoten, en lager voor ouderen 
met dementie, depressie, of duizeligheid met vallen. De TOPICS-CEP volgde de 
a priori gestelde hypotheses en ondersteunt dus de construct en bekende-groep 
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validiteit (known-group validity). Deze studie onderbouwt het gebruik van 
TOPICS-CEP als een betekenisvolle indicator van de gezondheidgerelateerde 
kwaliteit van leven in evaluatieonderzoek.
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